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PREFACE 
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CHAPTER I 

THE MOLLUSCA 

PHYLUM MOLLUSCA, Cuvier 

; = Palliata, Latreille; Malacozoa, de Blainville; Hetero- 
GANGLIATA, Owen ; Otocardia, Haeckel ; Saccata, Hyatt). 

Grade A. Isopleura (Ray Lankester). 

Class L Amphineura (von Jhering). 

Order L Polyplacophora. 
„ 2. Aplacophora. 

Grade B. Prorhipidoglossomorpha (Grobben). 
Class L Gastropoda (Cuvier). 

Sub-Class L Streptoneura. 

Order 1. Aspidobranchia. 
„ 2. Pectinibrancliia. 

Sub-Class 2. Euthyneura. 

Order L Opisthobranchia. 
„ 2. Pulmonata. 

Class IL Scaphopoda (Bronn). 

(No Orders.) 

Class III. Lamellibranchia (de Blainville). 

Order L Protobrancbia. 
„ 2. Filibrancbia. 
„ 3. Eulamellibrancbia. 
„ 4. Septibranchia. 

Grade C. Siphonopoda (Ray Lankester). 

Class I. Cephalopoda (Cuvier). 

Sub-Class L Tetrabranchia. 

„ 2. Dibranchla. 

Order L Decapoda. 
„ 2. Octopoda. 
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L Introduction. 

Formerly a number of very diverse zoological forms, such as 
Brachiopoda, Tunicata, and even Cirrhipedia, were included among 
the MoUusca. The last-named were the first to be dissociated from 
the true MoUusca, after J. Vaughan Thompson had shown, by a 
study of their larval development and metamorphoses, that they 
were modified Crustacea. At a later date the Tunicates were 
shown, also as a result of embryological research, to have affinities 
with the Vertebrata. The Brachiopoda, both because of their 
bivalve shell and the supposed resemblance of their superficial 
anatomy to that of Lamellibranchia, retained a place in the 
Molluscan phylum for a much longer period. H. Milne-Edwards, 
it is true, united the Brachiopoda with the Polyzoa under the name 
Molluscoidea, but he placed this group very close to the MoUusca, 
and his views were very generally accepted by zoologists. It ia 
only twenty-five years since the phylum MoUusca was finaUy 
purged of all alien elements, and limited, as in Professor Lankester'a 
"MoUusca" in the ninth edition of the Encyclopcedia Britannka^ 1883, 
to such forms as are demonstrably related to one another. 

More recently H. von Jhering propounded the view that this 
assemblage of animals, believed to be closely related to one another, 
was in fact unnatural, heterogeneous, and polyphyletic. But his 
hypothesis could not stand the test of criticism, and never ob- 
tained the support of any reputable malacologist. Since his 
time the unity of the Molluscan phylum has never been called into 
question. 

Closely related as the different forms of the MoUusca are, 
they exhibit a great variety in external aspect, chiefly because the 
tegumentary layer, consisting of epithelium, connective tissue, and 
muscle, is exceedingly plastic, and gives rise to outgrowths, 
appendages and expansions of the most various kind. The 
diversity of form is further increased by concrescence of the 
various out-growths of the body, either with one another, or 
with adjacent structures; such concrescences being exhibited by 
the mantle edges, the lobes and margins of the foot, the giUs, and 
other organs. 

But, however diverse the external configuration of the MoUuscan 
body, the internal organisation, at least in its main features and 
in young forms, preserves a remarkable uniformity. The group 
is homogeneous, sharply defined, and its members are easily 
recognised. The MoUusca also afford a very good instance of the 
progressive modification and evolution of organic structure. It 
would be difficult to name another group of the animal kingdom 
in which relationships can be more clearly determined and the 
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pedigrees of the sub-groups more certainly traced; and for this 
reason no phylum, with the possible exception of the Echinoderma, 
has, in recent years, yielded such fruitful results to the investigator. 

II. The Morphology and Life-History of the Mollusca. 

1. General Description and External Characters. — ^The Mollusca are 
Coelomocoela with a distinct coelom and haemocoel. The latter has 
undergone a great development by phleboedesis (see Professor Lan- 
kester's introduction in Part 11. of this treatise), and the coelom there- 
fore is proportionately reduced. In the adult condition there are two- 
recognisable coelomic cavities, the pericardial coelom and the true 
gonocoel or gonadial cavity. These two may be in communication 
with one another, but more frequently they are separate. The 
haemocoel is completely closed, and is probably the remnant of the 
embryonic blastocoel. The coelom, on the contrary, communicates 
with the exterior by coelomoducts and coelomopores. The coelomo- 
ducts are part of the primitive protocoelom ; they first served as 
gonaducts, but afterwards were adapted to excretory functions and 
became excretory organs or uroducts. In some cases, however, they 
retain part of their primitive character and serve the double purpose 
of uroducts and gonaducts (Fig. 5^, g, i, j). 

The external features of a mollusc, though very variable, nearly 

always admit of a division of the body into three tegumentary 

regions or organs. The most anterior division is the head : it bears 

the mouth, appendages of various kinds, and nearly all the organs 

of special sense. The second division is ventral, and has the form 

of a highly developed tegumentary projection of variable shape : 

this is the foot, the chief organ of locomotion. The third division 

comprises the dorsal part of the body, covered by a calcified cuticle- 

or protective shell, the shape of which is subject to great variation 

in the different subdivisions of the phylum. This dorsal region is 

known as the mantle or pallium. 

The free surface of the body is covered by an epithelium, which 
is frequently ciliated. The epithelium is richly supplied with 
glandular cells which secrete an abundant mucus, serving to keep 
the skin moist and supple. In some cases, e,g, Phyllirhoe and 
fholaSy the glandular secretion is phosphorescent. The epithelium 
is also richly supplied with nerve-endings, and some of the epithelial 
cells may secrete chitinous or calcareous spicules, which remain 
imbedded in the integument (Amphineura). 

The greater part of the external, or at least the originally 
®^temal, pallial epithelium secretes a shell (Fig. 1, sh). The shell 
Consists of a matrix of a chitin-like substance, conchyolin, im- 
P^gnated with mineral salts. The latter may be present in such 
*t>iindance as to form 95 per cent of the shell substance. The chief 
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mineral constituent is carbonate of lime, but from 1 to 2 per cent of 
phosphate of lime is also present, and traces (less than \ per cent) 
of carbonate of magnesium. The greater part of the thickness of 
the shell is made up by the ostracum, which consists of two layers : 
(1) an external layer, frequently coloured, and formed by prisms of 
calcite ; (2) an internal layer consisting of arragonite, generally in 
the form of overlapping plates : it is the internal layer that forms, 
in various species, the nacre or mother-of-pearl. 

The growth of the shell is eflfected in two ways. Its extent is 
increased by the addition of new matter, secreted by the thickened 
«dge of the mantle, to the outer or prismatic layer. Its thickness 
is increased by addition of new matter, secreted by the whole 
surface of the mantle, to the inner or nacreous layer. In addition 
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Fio. 1. 

Toung embryo of Purpura lapUlus, from the left side, x 16. a, anus ; /, foot ; n, moath ; 
'Ott otocyst ; p.a.c, post-anal cilia ; re, embryonic kidney ; «A, shell ; ve, velum ; vi, vitellus. 

to the two layers of the ostracum already mentioned, there is a 
third layer, called the hypostracum, on the areas of attachment of 
the muscles which serve to fasten the animal to its shell. Finally, 
there is the periostracum or shell epidermis, forming an external 
covering to most shells : it is formed by the pallial fold at the 
edge of the mantle. In some Polyplacophora, Gastropoda, and 
Lamellibranchia, and in most of the Cephalopoda, the free edges of 
the mantle are reflected over th^ shell, so as to cover a greater or less 
part of its outer surface. In some species in which this special 
feature is developed to its greatest extent, the reflected mantle 
edges form a completely closed sac round the shell, so that the 
latter is internal and concealed. In rare cases the pedal integument 
may secrete a calcified " shell," which may be adherent (Hipponyx) 
or free {Argonauta). 

The shell was for a long time the criterium of MoUuscan 
classification. But the progress of anatomical study showed that 
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genera with more or less similar shells might differ considerably 
from one another in internal organisation, and gradually the 
structure of the animal, rather than the form of its shell, came to 
be recognised as the guide to its systematic position. But to thia 
day there are many genera of Gastropods and Lamellibranchia 
whose anatomy is unknown, and their classification, founded on the 
characters of their shells alone, is, of course, provisional. 

The head and foot are fastened to the shell by muscular 
bundles, which are paired and symmetrical in the Polyplacophora^ 
Scaphopoda (Fig. 181, c'), and Lamellibranchia (retractors of the 
foot), and in the Cephalopoda (retractors of the head and funnel), 
but in the Gastropoda there is a single asymmetrical so-called 
" columellar *' muscle (Fig. 45, co). The fibres of these muscles are 
attached to the epithelium under the shell. The connective tissue 
layer which lies beneath the tegumentary epithelium is mesodermic 
in origin, and is extensively developed in the Mollusca. It invades 
the greater part of the original blastocoel and presents the following 
varieties : (I) plasmatic or vesicular cells, which sometimes give rise 
to endoplastic calcareous concretions or even to true sub-epithelial 
spicules, as in Fleurobranchus and various Nudibranchia ; (2) stellate 
cells; (3) fibrillar cells. Blood spaces, whose distension causes 
turgescence of various parts of the body, are frequently found in 
this connective tissue. On the other hand, the connective tissue 
may become compact and form supporting structures ; such are the 
" skeleton " of the gill filaments, the sub-epithelial " shell " of the 
Cymbuliidae, and the cartilaginous pieces in the Cephalopods and 
in the buccal mass of all classes except Lamellibranchs. 

Below, or imbedded in the subcutaneous connective tissue, are 
muscle fibres forming layers of rectilinear or annular bundles ; but 
as a rule only a few definite muscular masses can be distinguished. 
The muscle fibres are of the smooth variety, though in certain cases 
they appear to be striated, especially in muscles which contract 
rapidly. Such apparently striated fibres are found in the buccal 
mass of various Gastropods, in the heart, in the fins of Pteropods 
and Heteropods, in the siphon of Cephalopods, in the columellar 
muscle of the larvae of certain Nudibranchs, in the branchial 
septum (Cuspidaria), in the adductor muscles of various Lamelli- 
branchs, and especially in the Pectinidae, in which the striation 
looks almost identical with that of Arthropods and Vertebrates. 
These fibres, however, are usually regarded as unstriated : they are 
wholly bi-refringent. The fibrillae are parallel to one another, 
but in the contracted state are thrown into spirals, which is said 
to produce the appearance of transverse striation. The subject 
calls for renewed investigation. 

The tegumentary layer, composed as described of epithelium, 
connective tissue, and muscles, may attain to a very considerable 
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thickness. Certain portions of the tegumentary organs can be 
spontaneously detached from the body by the reaction of the 
animal against the incidence of external forces. This phenomenon 
is known as '* autotomy," and is generally defensive, as, for instance, 
the loss of portions of the foot {Harpa) or of its appendages ; the 
loss of the siphons of some Lamellibranchs ; of the dorsal papillae 
and other parts of the dorsal integument in certain Nudibranchs ; 
of the cephalic tentacles of Scaphopods, etc. The lost parts are 
regenerated, just as other tegumentary organs (cephalic tentacles, 
fins, arms of Cephalopods) that have been accidentally removed, are 
regenerated with all the complex and differentiated structures that 
they may possess, such as eyes, suckers, etc. The most remarkable 
•example of regiQar physiological autotomy is found among the 
Cephalopods, namely, the hectocotylised arms of the Philonexidae 
and Argonautidae (Fig. 287). 

2. The Digestive Tract, — The alimentary tract always has two 
orifices, the mouth and anus, generally situated at the two 
•extremities of the body; but the anus may be brought to an 
anterior position by a ventral flexure, which may or may not be 
complicated by a lateral torsion. The anus is absent only in the 
parasitic genus Entodplum ; the alimentary tract is rudimentary in 
the parasites Entocolax and Entoconcha ; it is absent altogether in 
Enteroxenos, 

In all other forms three essential parts can be recognised in the 
•digestive apparatus. Firstly, the buccal or anterior section of the 
gut, of ectodermic origin, which comprises the first dilatation or 
buccal cavity and the oesophagus. Secondly, there is the mid-gut, 
of endodermic origin, comprising the second dilatation or stomach. 
Thirdly, there is die hind-gut or intestine. The anterior dilatation 
or buccal cavity is absent in the Lamellibranchs, with the exception 
of certain Nuculidae. Cuticular formations are present in different 
parts of the internal wall of the alimentary tract^ and are specially 
developed in its anterior portion. They occur around the mouth — 
having the form of a prehensile collar in Doris — ^but more 
particularly in the buccal cavity, where two different sorts of 
cuticular formations are found, the mandibles and the radula. The 
mandibles are anterior, dorsal, and unpaired in the Dentaliidae, 
Patellidae, Pulmonates, Aegirus (Fig. 73, B), eta, but paired and 
lateral in the majority of the Gastropoda. In the Cephalopoda the 
members of the pair are dorsal and ventral (Fig. 266). These 
organs are chitinous, and are only calcified in certain Chaeto- 
dermidae, and partially so in Nautilus, 

The radula is characteristic of the phylum Mollusca. It exists 
throughout the series, from the most archaic forms upward, and is 
only absent in the most specialised types, in which it has evidently 
been lost, such as certain Neomeniomorpha among the Aplacophora, 
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the Lamellibranchs, various isolated forms of Gastropoda, and the 
Cirrhoteuthidae among Cephalopods. The radular apparatus has 
the form of chitinous teeth, disposed in transverse rows; the 
number of teeth in each row is sub- 
ject to variation, but they are always 
arranged sjonmetrically on one side 
and the other of a central tooth 
(Kg. 2). 

Thus there are eight lateral teeth 
on either side of the central tooth in 
Polyplacophora (8.1.8); two laterals 
on either side of the central in 
Scaphopoda (2.1.2); three laterals 
on either side of the central in almost 
all Cephalopods (3.1.3). In the 
Gastropods the number of teeth in 
each row varies considerably in the 
different sub-groups. The radular 
ribbon issues from a pharyngeal 
caecum, in which it is secreted, and 
is applied to the surface of paired 
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Pio. 2. 
Transverse rows of the radula. 



A, 



cartilaginous pieces situated on the ^eo^«<wt 7***^; 5, Natica ciaiua; c, 

rill • mi PtUsellum tetragcmum : D, Rossva gUM' 

floor of the buccal cavity. These copU; aU much enlarged, c, central 

iij _,•! 1 i_ tooth ; If lateral teeth ; m, marginal 

so-called cartilages have a charac- teeth. (After g. o. sars.) 
teristic vesicular structure quite dif- 
ferent from that of ordinary cartilage such as is found in Cephalo- 
pods and Opisthobranchs. Applied to these cartilaginous pieces 
the radula, by the action of special muscles, executes backward 
and forZd 4pmg movements 

The cuticular lining of the stomach is specially developed in 

Lamellibranchs and in certain Gastropods in which it is sometimes 

differentiated into masticatory plates provided with special muscles. 

The buccal cavity or anterior dilatation of the alimentary tube 

receives in the Amphineura, Gastropoda, and Cephalopoda, the 

secretion of the so-called salivary glands, of which one or several 

pairs may be present. The oesophagus may present various 

forms of accessory dilatation^, known as "gizzards," glandular 

regions, etc. - 

The secretion of an important and voluminous digestive gland 
is poured into the second primary dilatation of the gut or stomach : 
this gland is called the liver, but this name must not be taken to 
iniply a physiological identity with the liver of vertebrates. The 
Uver is an acinous glandular organ, the epithelial cells of which are 
all very similar to one another in Polyplacophora, but in other 
forms they are generally differentiated into ferment cells and 
excretory cells. From the physiological point of view this gland is 
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a hepato-pancreas, since its secretion peptonises albuminoids, converts 
starches into sugar, and saponifies fats. Absorption of digested 
food-stuffs is effected, in some forms at least, by the liver itself, 
and finally this gland has an excretory function in that it secretes 
waste products of metabolism into the alimentary tube. 

The stomach (in various G^tropods, in Scaphopods, and 
Lamellibranchs) is provided with a caecum in which a crystalline 
style is often secreted. In addition there exists, in some 
Gastropods and Cephalopods, a caecum coiled in a spiral These 
two structures do not appear to be homologous, for in some 
Gastropods (Nassopsis) the spiral caecum and the sac containing the 
crystalline style occur together. The intestine, or at least its 
terminal portion, is furnished, in nearly all groups of Mollusca, 
with a longitudinal ridge called a typhlosole or with a furrow 
bordered by two ridges. An anal gland is present in various 
Gastropods, in Dentalium, and in nearly all Cephalopods. 

3. Circulation and Bespiration. — In addition to the cavity of the 
alimentary tube two other important cavities, completely separated 
from one another, are found in the MoUuscan body. The first, 
called the coelomic cavity, communicates freely with the exterior, 
and is generally reduced to the pericardium and the gonadial or 
genital cavity. The second is very probably the remnant of the 
blastocoel or segmentation cavity, and is continuous with spaces 
in the conjunctive mesenchyme of the integuments. It is filled 
with a fluid blood or haemolymph which is at once nutritive and 
respiratory in function. This cavity constitutes the circiilatory 
apparatus. 

The circulatory apparatus is provided, for a greater or less 
part of its extent, with proper endothelial walls ; where these are 
absent it is lined by connective tissue so that the organs are never 
brought into direct contact with the blood. The circulatory cavity 
is, in fact, more or less specialised into arteries and veins of 
vascular structure, but there are rarely tubular capillary ramifica- 
tions, except in the integuments of Cephalopods. More usually 
the capillaries are swollen irregular cavities. The rest of the 
circulatory system is formed of sinuses; — irregularly defined 
spaces in the connective tissue and specially abundant in the 
integuments. In fact, the phenomenon of phleboedesis (Ray 
Lankester) is manifested in a very high degree in the Mollusca, 
the cavity of the circulatory system being distended and in- 
sinuated among the organs to such a degree as to push back 
and diminish the coelom, though no communication is ever estab- 
lished between the two. The blood-vessels pass abruptly into the 
sinuses, and in some cases communication between sinus and blood- 
vessel is established by orifices in the walls of the latter. Kemark- 
able instances of this form of communication may be seen in the 
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vena cava of Nautilus^ in the auricle of Patella (Fig. 80), and in the 
aflFerent branchial vein of Aplysia. 

The central and pulsatile portion of the circulatory apparatus 
is well developed, except in the Entoconchidae. It is situated 




Fio. 3. 

Diagram to show the relations of the heart in the MoUusca. A, part of the dorsal vascular 
trunk and transverse trunks of -a Chaetopod worm ; B, ventricle and auricles of NautUus ; C, 
of a Lamellibranch, of Chitorij or of Loligo ; D, of Octojnis ; E, of a Gastropod, a, auricle ; a,c, 
arteria cephalica (aorta) ; at, arteria alxlominalis ; v, ventricle. The arrows show the direc- 
tion of the "blood-current. (From Lankester, after Gegenbaur.) 

on the dorsal side in the pericardium, except in Anomia and the 
Octopods, and originally at the posterior end of the animal. In no 
case is the pericardium a blood sinus ; it is a portion of the coelom, 
without communication with the circulatory system, as is shown by 
the absence of red corpuscles in the pericardium of such Molluscs 
as have red blood (Penrose and Ray Lankester). 

The heart is entirely arterial, and comprises, firstly, a median 
ventricle, with muscular walls and internal fleshy columns, the 
fibres of which give the appearance of 
striation : being spongy in texture, this 
organ has no intrinsic nutritive vessels. 
Secondly, two (in Nautilus four) paired 
auricles, disposed symmetrically on 

either side of the ventricle. The 

auriculo-ventricular openings are simple, 

except in the Polyplacophora, where 

they are frequently multiple (Fig. 4). 

Each opening is provided with a valve 

opening towards the cavity of the 

ventricle and preventing the reflux of pjo ^ 

blood into the auricle. Frequently one Heart of chium peUis-serpentis, dor- 
member of the single pair of auricles saif^pect. i, left anterior auricuio- 

o* ventricular communication ; II, ven- 

18 much reduced, or may be aborted, tncle; III, nght anterior afferent 

Qo • ii • . 1 • 'x £ r^ vessel ; IV, V, VI, right posterior 

as IS the case in the majority of Gas- afferent vessels; VII, left auricle; 

tronods ^Fiff 3 F^ VIIC, left posterior auriculo-ventricu- 

vTt . .^* '' lar communication. 

Primitively a single, morphologically 
anterior aorta is given off from the ventricle, and this condition 
persists in the Amphineura and in the archaic Lamellibranchia. 
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The aorta together with the ventricle forms a dorsal vessel com- 
parable to that of Annelids. Secondarily a second and morpho- 
logically posterior aorta may be formed, as in the Gastropods and 
the majority of Lamellibranchs (Fig. 3, E), and even a third (the 
genital aorta of certain Cephalopods) may be formed in connection 
with the first. The ramifications of these aortae carry the blood 
throughout the body. The kidneys, however, are supplied almost 
entirely with venous blood, from which their cells extract and 
excrete the waste products of metabolism. Thus the circulation 
of the kidneys may be described as a portal system. 

The blood is generally a colourless fluid containing amoebocytes 
and sometimes haematids. It may be of a bluish colour, due to 
the presence of haemocyanin, an albuminoid containing copper 
(Fredericq). In other cases it is red, owing to the presence of 
haemoglobin, which may be in solution in the plasma (Planorbis) or 
may be localised in haematids (red blood corpuscles). These are 
present in Fedunculus, Area, Ceratisolen [Lankester], Poromyay and 
Neomeniomorpha. The musculature of the buccal bulb has been 
shown by Lankester in Gastropoda to owe its red colour to 
haemoglobin impregnating the muscular tissue. The density of 
the blood is always greater than that of water, greater even 
than that of sea-water in the case of some marine molluscs. The 
blood of Anodonta contains ten times more salts than the sur- 
rounding medium : the density of the blood of Octopm is 1,047. 
The pressure of the blood in the arteries amounts to from 3 to 5 
centimetres of water in Anodonta and to 108 centimetres of water 
in Octopus, 

The volume of blood in some groups, particularly in the 
Lamellibranchs and Gastropods, is so great that it plays a very 
important part in the turgescence of various parts of the integu- 
ment, by filling the tegumentary sinuses during the relaxation of 
their muscles. To this end some blood spaces, corresponding to 
different turgescible organs, are separated by valves which admit of 
the accumulation of a considerable volume of blood in a definite 
portion of the body. Examples of this are found in Gastropods 
and in the valve of Keber in Lamellibranchs. 

Respiration, — The venous blood is oxygenated almost exclusively 
in the superficial tegumentary sinuses of the mantle, this organ 
receiving a comparatively feeble supply of arterial blood. A 
portion of the free or ventral surface of the mantle is specialised to 
form a respiratory organ, through which passes nearly the whole of 
the blood that is returned to the auricles. These tegumentary 
organs, enclosing a part of the vascular system, project into the 
surrounding water in the form of pallial expansions, normally 
paired, in which the blood is oxygenated. This special part of the 
circulatory system is often regarded as a separate organ under 
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the name of the "respiratory apparatus." It is constituted 
by the ctenidia or branchiae properly so-called, of which there 
may be one or many pairs. There are two pairs in NatUilvs; 
from four to eighty pairs in the Poljrplacophora, and where a 
single pair is normally present it may be reduced to a single 
azygos organ, generally in correlation with the reduction of 
the auricles. 

The ctenidia are situated primitively in the posterior or anal 
region of the mantle, but they may be multiplied and spread 
anteriorly, or both anteriorly and posteriorly (Polyplacophora, 
Fig. 28), or without being multiplied they may extend pro- 
gressively towards the region opposite to their primitive situation, 



r^ 






Fio. 5. 

Diagrams of transverse sections of the ctenidia of various Mollusca. I, Chiton; U, 
Pfeurotomaria ; III, Trochus ; IV, Ntuiula ; V, NautUw ; VI, Chaetodtrma ; VII, HaZiotU ; VlII, 
Iaoum ; IX, Solenomya ; X, Sepia, a, afferent vessel ; e, efferent vessel ; pa, mantle. 

as in Gastropods and Lamellibranchs. They are shorter in Nucula 
than in Area; shorter in Area (Fig. 188) than in Avicula (Fig. 
236) ; shorter in Flemotomaria than in Trochus, and in Trochus than 
in Fissurdla, 

These ctenidia have exactly the same structure in the archaic 
members of the different groups : an identical fundamental 
structure may be recognised in the Polyplacophora, in the 
Hhipidoglossa among Gastropods, in the Protobranchs among 
lamellibranchs, and in the Cephalopods (Fig. 5). Each ctenidium 
consists of an axis containing two vascular trunks. The one, 
*n afferent vessel, in which the blood current is centrifugal, 
communicates with a " vena cava " or with a simple venous sinus ; 
the other is the efferent vessel, in which the current is centripetal, 
^d the auricle is nothing more than its specialised terminal 
portion. The auricle, in fact, has the innervation of a pallial 
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organ like the ctenidium ; the ventricle that of a visceral organ 
properly so called. Each side of the axis bears a row of respiratory 
filaments, generally flattened, but of variable shape, whose cavities 
communicate with the two vascular trunks of the axis. It is in 
the cavities of these filaments that the blood absorbs oxygen 
dissolved in the water. The continuous renewal of water on the 
surface of the ctenidium is provided for by a covering of ciliated 
epithelium. The ciliated epithelium is absent in Cephalopods, but 
in this group the powerful musculature of the mantle and siphon is 
sufficient for the purpose. 

The whole volume of venous blood, however, is not in all cases 
passed through the ctenidia : a smaller or larger part may be 
distributed to the mantle and thence returned directly to the 
heart. This arrangement is found in a considerable number of 
Gastropods (Heteropods, Pleurobranchs, and Nudibranchs) and in 
the majority of Lamellibranchs. Finally, the typical respiratory 
apparatus may be complicated by specialisation or by reduction, 
and may disappear altogether, as in the Neomemiidae, the 
Scaphopoda, the Septibranchia, and a large number of Gastropoda. 
In such cases the function of oxygenating the blood is wholly 
transferred to the free surfaces of the pallial integuments, which 
often form a secondary respiratory organ, especially in the 
Gastropoda. In aquatic species this secondary apparatus takes 
the form of "pallial branchiae," in terrestrial species of a 
"lung." 

In certain cases there is a localised blood-gland or lymphatic 
gland which, from its phagocytic function and the formation of 
amoebocytes, may be said to have the physiological character of 
the spleen of Vertebrates. This organ is generally situated on the 
course of the aorta, instances being found in many Opisthobranchs 
and in the "white body" of Cephalopods (Fig. 268). It consists 
of conjunctive tissue in which blood corpuscles are formed at the 
expense of the conjunctive cells. In other cases the gland is 
diffuse, that is to say, distributed in a more or less irregular fashion 
in the conjunctive tissue in the form of plasmatic cells. 

4. Coelom, — ^The walls of the coelom of Molluscs are completely 
covered by a continuous epithelium, partly genital, partly excretory. 
The coelom is divided into several different cavities, gonadial, 
pericardial, and renal, the two last named being excretory. The 
gonadial and reno-pericardial cavities are separate, except in the 
Cephalopods and aplacophorous Amphineura. It must be assumed 
that the " Prorhipidoglossa," the common ancestors of the 
Gastropods, Scaphopods, and Lamellibranchs, had also this 
communication between the pericardium and genital cavity, and it 
is preserved in the more archaic Gastropods and Lamellibranchs 
(certain Ehipidoglossa and Protobranchs), in which the gonads 



THE MOLLUSC A 13 



open, not into the pericardium, but in the reno-pericardial duct, 
uniting the pericardium to the kidney. Such an arrangement is 
found in Trochus, Solenomya, etc. (Fig. 5^, g, i) ; and here we find 
that the genital and pericardial cavities are united to the kidney 
by a common duct of double origin, genital and pericardial. As a 
further differentiation, we find in a fairly large number of Lamelli- 
branchs and in the Scaphopods that the two distinct branches of 
this duct become longer (Fig. 5 ^, j) ; then the common duct dis- 
appears, and the gonad opens directly into the renal sac (Fig. 
5W», A, ky 

The pericardial coelom always surrounds the heart except in the 
Octopoda and the Anomiidae, or is much reduced or absent. 
Sometimes prolongations, ramifications, or parts of this pericardial 
cavity have their walls much specialised to form an excretory 
apparatus, known as the pericardial glands. The pericardial 
coelom always communicates with the renal sacs or renal portion 
of the original coelom : in Nautilus alone the kidneys are no 
longer continuous with the pericardial cavity, and this latter opens 
directly to the exterior by " coelomopores," orifices peculiar to 

itself. 

The Cephalopods have a pair of coelomoducts leading directly 

from the genital cavity to the exterior. In the Aplacophora this 

genital space only communicates with the exterior through the 

intermedium of the pericardium and renal sacs. The polyplaco- 

phorous Amphineura have acquired two special genital canals, 

through which the sexual products are discharged, but they do not 

appear to be true primitive coelomoducts (Fig. 5 ^*', e; Fig. 30, D). 

Finally, in the Lamellibranchs in general and in the Gastropods 

the genital ducts are formed at the expense of a portion of the 

renal sacs and ducts (on one side only in Gastropods) ; but the 

male ducts of the hermaphrodite Lamellibranchs, the Anatinacea, 

are neomorphs and an exception to the general rule. 

5. Excretory Organs, — The essential organs of excretion are the 
renal sacs or urocoeles, whose morphological nature requires 
further elucidation. They consist of paired canals, more or less 
modified, which open to the exterior on the surface of the body 
and internally into the pericardium, except in the case of Nautilus, 
in which, as described above, the pericardial coelom has its own 
separate orifices, and in Dentalium. The reno-pericardial apertures 
we more or less elongate ciliated funnels whose cilia create a 
current in the direction of the kidney. In Elysia alone does the 
Mdney possess multiple reno-pericardial apertures, to the number 
of about ten (Fig. 92). True "nephridia" (Lankester) only occur 
in the young stages of certain Gastropods (Pulmonates (Fig. 1 1 8), 
Polvdinay etc.) and in Lamellibranchs ; they are described below 
^nder the head of Embryology (p. 136). 
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In cases in which a single pair of renal sacs is present, one 
member of the pair is often rudimentary or absent This condi- 
tion is found in the majority of Gastropods, where the ctenidium 




Transformations of the genital duct in the Mollusca : diagrammatic dorsal views of the peri> 
cardiom, gonad, and kidneys, a, ancestral hypothetical form ; &, Cephalopod ; e, stock form 
of Amphineura ; d, Aplacophora ; e, Polyplacophora ; /, Prorhipid<^lossum ; g^ some Rhipido- 
glOfisa (£inar{finuZa, etc.) ; ft, specialised Gastropod ; i, Protobranch Lamellibranch ; j, Pecten ; 
A;, Eolamellibranch. I, pericardial part of coelom ; II, gonad ; III, kidney ; IV, genital duct of 
Cephalopoda and Polyplacophora ; V, duct leading fh)m the gonad into the pencardium, into 
the reno-i)ericajrdial duct, or into the kidney ; VI, reno-pericanlial duct ; VII, secondary genital 
duct in specialised Gastropoda and Lamellibranchs. 
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and auricle of the same side (topographically the right side) are 
also atrophied or have disappeared (Fig. 55). 

Almost all the venous blood that passes to the ctenidia tra- 
verses the kidneys, so that there is a renal portal system. The 
renal sacs are, in fact, irrigated by conduits which lead to the 
afiferent branchial veins, and these conduits may traverse the 
kidneys, as in Cephalopods (Fig. 273), or may surround them, as 
in Septibranchs (Fig. 210). Consequently the blood passing through 
the ctenidia is devoid of the products of excretion. 

The surface of the excretory sac which forms the kidney may 

be greatly increased by folds, by the formation of caeca, etc. Its 

walls are glandular for a greater or less part of their extent, and 

consist of an excretory epithelium in the cells of which the 

nitrogenous products of metabolism are accumulated. These 

products are ejected in the solid or liquid form, and vary from one 

group to another as regards their chemical constitution. They 

consist essentially of guanin in the Cephalopods, of uric acid in 

Gkustropods, except in Cyclostoma, where they consist of urea, as is 

also the case in Lamellibranchs, in which group uric acid is not 

normally found. The external water does not penetrate into the 

kidney, nor, a fortiori^ does it enter the pericardium. It has, 

however, been established that water may occasionally enter the 

kidney of certain Heteropods and of Styliger, an Opisthobranch of 

the family Hermaeidae. 

The glandular part of the kidney is not the only region in 

which a glandular epithelium may be present. The epithelial 

lining of the pericardium may, in various groups, be specialised to 

form a pericardial gland (Grobben) whose excretion is more acid 

than that of the kidney properly so called. Such a gland may be 

seen on the surfaces of the auricles or in the ramifications of the 

pericardium in Gastropods, Lamellibranchs (Fig. 212), and in 

Cephalopods (Fig. 273). This glandular region has a blood supply 

analogous to that of the kidney, and one may even see, in NautUus, 

the renal epithelium and that of the pericardial gland developed at 

the same level on the same afferent branchial vessel, the one on the 

one side, the other on the other side. The pericardial gland 

eliminates the waste products which are excreted by the Malpighian 

glomeruli of the vertebrate kidney ; the moUuscan kidney, properly 

80 called, deals, on the other hand, with the same products of 

excretion as the tubuli contorti. Certain liver cells also constitute 

an important organ of excretion, especially in the Opisthobranchs 

Mid Pulmonates. In the latter the dorsal wall of the pedal gland 

w also excretory, and finally veritable accumulator^ excretory 

organs are often formed in the conjunctive tissue by plasmatic 

cells known as the "cells of Leydig." True nephridia exist in 

developmental stages in the form of " larval kidneys." 
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6. NervofVbs St/stem and Organs of Sense, — In the nervous system of 
Mollusca a perioesophageal collar is normally present, of which the 
dorsal moiety is the cerebral and the ventral moiety the UMal com- 
missure. From either side, at the junction of the two moieties of 
the collar, nerve cords distributed to the integuments take their 
origin. These latter are dififerentiated into a dorsal pair, innervat- 
ing the mantle, and a ventral pair, innervating the foot : they may 
be ganglionated throughout the whole of their extent, as in the 
pallial cords of Amphineura and the pedal cords of Amphineura 
and Aspidobranchs, or they may bear localised ganglia, known as 
the pleural and pedal ganglia respectively, near their origins. 
These two paired cords are connected by anastomoses, the most 
anterior anastomosis being always preserved and known as the 
pleuro-pedal connective. The pedal cords or centres are united by 
anastomoses ventrad of the digestive tract, the most anterior and 
at the same time the largest of the anastomoses being always 
retained as the pedal commissiure. The pallial cords are often 
united by an anastomosis dorsad of the rectum as in Amphineura, 
Cephalopods, Lamellibranchs, and various Gastropods. The 
nervous system of Molluscs is thus characterised by its oesophageal 
ring, from which issue four, originally parallel, tegumentary nervous 
cords (Fig. 19). 

ITie visceral organs are innervated firstly by trunks given off 
from the labial commissure. These trunks, uniting under the 
oesophagus, form an anterior or stomato-gastric visceral commissure, 
bearing on its course two ganglia which are situated near and 
partially innervate the buccal bulb and also the whole of the 
oesophagus and stomach. In some cases, e.g. the Cephalopods and 
certain Tectibranchia, the stomato-gastric commissure bears 
stomachal ganglia. The viscera are innervated, in the second 
place, by trunks issuing from the pallial cords and distributed to 
the circulatory, excretory, and genital viscera. In all Molluscs 
except the Amphineura the two most important of these trunks are 
united below the digestive tube, thus forming an infra-intestinal 
loop or " visceral commissure," provided with one or more ganglionic 
centres (Fig. 19, v.g). These two visceral loops, the stomato-gastric 
and the visceral properly so called, are generally united together 
by anastomoses (Cephalopods and Gastropods). 

There are, therefore, three kinds of nerve-centres in Molluscs : 
(1) sensory centres, represented by the ganglionated cerebral 
commissure or differentiated cerebral ganglia ; (2) tegumentary 
centres, represented by the pleural and pedal cords or ganglia; 
(3) the visceral centres, represented by the stomato-gastric and 
the visceral loop properly so called. 

The nerve-centres consist of a superficial portion, made up of 
ganglion cells, and a central fibrillar portion which is almost;- 
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exclusively composed of prolongations of sensory or centripetal 
nerve fibres. The prolongations of the superficial ganglion cells are 
continued into motor or centrifugal nerve fibres. Isolated ganglion 
cells are to be found in the muscles of the heart and in those of the 
buccal bulb (Pulmonata). 

The nervous system, being in close relation to all the other 
organs, is of great importance to the moi'phologist, and the more so 
because it is the last to be influenced by the modifications under- 
gone by the organism. At the same time, every modification of 
an organ is faithfully reflected by the nervous system. In such 
forms as are still slightly differentiated, the large nerve cords are 
uniformly covered with ganglion cells : in less primitive forms the 
special development of certain parts of the body has produced a 
preponderant development of certain nerves corresponding to them, 
and nerve cells accumulate and give rise to ganglia at the bases of 
these more highly developed nerves. Accessory ganglia may also 
be formed at different points of the nervous system, either at the 
bases of sensory organs (Figs. 94, hr.g\ 214, os, etc.) or at the 
origin of important nerve trunks (Fig. 159, i). The ganglion 
centres may be shifted along the cords on which they are situated 
in consequence of changes in the parts that they innervate. 
Similarly, a nerve may be shifted along the cord from which it 
issues until it seems to have changed its place of origin, but its 
fibres always maintain their connection with their primitive nerve- 
centre. 

The approximation or the union of two parts of the body in- 
volves the approximation or fusion of the corresponding ganglia ; 
or if one of the two parts is atrophied, its nerve-centre is reduced 
and may be fused with the adjacent nerve-centre. The various 
ganglia exhibit a general tendency to centralisation, all the 
principal sensory organs being aggregated at the anterior part 
of the body. At first all the sensory and motor nerve - centres, 
and finally all the others (Cephalopoda, Nudibranchia, many 
Pulmonata), become localised in the same region and are grouped 
together. 

Organs of Sense. — The function of general sensibility is spread 
over the whole of the free surface of the envelope of the 
body and the surfaces in continuity with it : included among the 
latter are the internal surface of the mantle, and especially its 
glandular tracts, and all invaginations of the ectoderm, such as the 
pedal glands, the terminal portion of the rectum, the kidneys, etc. 
On these various surfaces sensory elements are found among the 
epithelial cells in the form of neuro-epithelial or end-cells, which 
sometimes traverse a thick calcified cuticle (aesthetes of Chitmi, 
%• 24). These elements are particularly numerous in the most 
exposed parts, such as the cephalic tentacles of Gastropods, the 
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epipodial tentacles of Ehipidoglossa, the pallial tentacles of Lamelli- 
branchs, etc., which therefore have the more special function of 
tactile organs. 

Taste organs in the form of sensory bulbs or cups have been 
shown to exist in the buccal cavity or round the mouth of several 
Molluscs. There are several kinds of organs of olfactory or some 
analogous function; such are the cephalic rhinophores and the 
pallial osphradia. The rhinophores are situated on the head, and 
are frequently borne on more or less prominent appendages 
resembling tentacles (Fig. 163, /) ; or in other cases they have the 
form of a pit, as in the Cephalopods (Fig. 259, ol). The nerve of 
each rhinophore is supplied by the corresponding cerebral ganglion, 
and is sometimes partially united to the optic nerve. The osphradia 
(Ray Lankester) are situated near the entrance to the pallial cavity 
(Figs. 58 and 89, os\ 99, XVI.), on the course of the branchial 
nerve, but sometimes, as a result of specialisation, they are situated 
on separate ganglia. The osphradia have the form of ridges or 
pits lined by sensory epithelium, and their function is to test the 
respiratory fluid. It has been demonstrated, in certain Lamelli- 
branchs at any rate, that the nerve-fibres supplying the osphradia 
originate in the cerebral ganglia. 

The otocysts (de Lacaze-Duthiers) are invaginations of the 
integuments of the foot. In the Protobranchs (Pelseneer) and in 
MytUus (List) they are otocrypts, that is to say, they are still open 
invaginations ; but in all other Molluscs these organs are closed 
and contain auditory granules or otoliths suspended in a fluid 
secreted by the wall of the otocyst, this latter structure being 
fiuTiished with sensory and ciliated cells. The otocysts, even when 
they are attached to the pedal ganglia, are innervated from the 
cerebral ganglia (Koren and Danielssen, de Lacaze-Duthiers, Leydig; 
Figs. 123, C ; 146). They are absent both in the young and adult 
Amphineura and in the adult stages of various sessile Molluscs. 
It is through the agency of these organs that the animal is able 
to perceive disturbances in the surrounding medium, and the re- 
sistance offered to the locomotory apparatus : through them the 
creeping Molluscs preserve their orientation and swimming Molluscs 
their equilibrium. 

The Eyes are normally cephalic structures, one pair in number, 
symmetrically placed on or at the bases of the cephalic tentacles. 
Cephalic eyes are absent in the Scaphopods and in the adult state 
in Amphineura and the Lamellibranchs (with the exception of the 
Mytilidae and Avicula), In Molluscs devoid of cephalic eyes, visual 
organs are often developed on the mantle. Thus among the 
Amphineura they are found over the whole surface of the mantle 
in the Chitons ; among the Lamellibranchs on the borders of the 
mantle only in the Arcidae and in numerous Pectinidae ; finally, one 
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Gastropod, (hadwmi, poBsesses, in addition to a pair of normal 
cephalic ejes, numerous pallial eyes scattered over the whole dorsal 
Biuiace. 

The cephalic eyes are pigmented invaginations of the integu- 
ment : they may be open, without any refractive body, as in PateUa 
and Nautilus (Fig. 6, A), or with a crystalline lens, as in Plmroto- 
maria, Trochus, Haliolis, etc. They are closed, and have a cornea 
and an internal crystalline lens in the majority of Gastropods and 
in the dibranchiate Cephalopods (Fig. 6, B, C). The pallial eyes may 
be " compound," without an internal crystalline lens (Arcidae), or 
simple. In the latter case they may present one of the foUowing^ 
characters: — (1) an internal crystalline lens and a deep retina 
(Polyplacophora, Fig. 33); (2) an internal crystalline lens and a 
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superficial retina (Pecien, Fig. 217); (3) an internal crystalline 
lens, the retinal cells reversed and the nerve traversing the retina 
{Onddium). With the exception of the Cephalopods, and 
possibly also tho Heteropods, the vision of Molluscs is limited. 
In the forms devoid of eyes, as in other groups of the animal 
kingdom, the general surface of the body is capable of dermatoptie 
perceptions. 

7. Organs of Generation. — Among Molluscs in general the sexes 
sre separate, and this is the case in the most archaic forms of the 
different groups of the phylum. Hermaphroditism, on the contrary, 
is always a sign of specialisation, and is only found as a normal 
condition in one sub-order of Amphineura (Neomeniomorpha), in one 
Bub-class of Gastropoda (Euthyneura), in some genera of Streptoneura, 
in one order (Anatinacea), and in some isolated species of Lamelli- 
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branchia. In the forms vdth separate sexes there is often a definite 
sexual dimorphism, which is exldbited not only by the presence of 
a copulatory organ (Cephalopods and the majority of Gastropods), 
but also in the breadth and even in the greater size of the 
females (Fig. 7, /). It has been shown that in the Cephalopods 
hyperpolygyny is the rule, and in certain Atlantae and American 
Unionidae, hyperpolyandry. The gonads are primitively paired 
and developed from the coelomic wall, but they are only in direct 
communication with the remainder of the coelom (the pericardium) 
in the Aplacophora (Figs. 5^**, d; 30, C) and the Cephalopoda (Fig. 
5^, b). In the former case the genital products fall into the peri- 
cardium and are carried to the exterior by the renal ducts, which thus 
act as gonaducts. In other cases the genital products may be dis- 
charged into the reno-pericardial duct (Trochus^ Fig. 55 ; Solenomya)^ 
and are thence expelled through the kidneys, or they may be 
discharged directly into the kidneys, more or less close to the 
external renal orifice (various archaic Lamellibranchs, the majority 
of Rhipidoglossa, Scaphopods). Otherwise, in all groups, the gonads 
open to the exterior by their proper pores, which are nearly 
always adjarcent to the renal openings ; they may, however, be more 
or less removed to a distance from the latter, and in certain 
hermaphrodite forms (Pulmonates and Nudibranchs) the renal 
orifice is near the anus and the genital aperture is secondarily 

separated from it and shifted towards the penis. 
Accessory glands are often developed on the course 
of the genital duct, especially in the female. 

The male and female elements are formed from 
the epithelium of the gonad : each oogonium gives 
rise to a single ovum with its polar bodies, while 
each spermatogonium gives rise to several sperma- 
tozoa. The eggs of Cephalopods, of the majority 
LaJ^' loui^via. ""^ Polyplacophora, and of the Lamellibranch 
The male in Htu on Psevdokellva (Fiff. 220) are invested by a continuous 
the shell- aperture of cellular folliclc. In hermaphrodite Molluscs the 
femaieT^%aiL.^' ^* spcrmatozoa ripen before the ova; the herma- 
phroditism is therefore protandric. The herma- 
phroditism also is not self-sufficient, and the ova of one individual 
must normally be fertilised by the spermatozoa of another individual. 
The " parthenogenesis " observed in heimaphrodite Pulmonata 
(Arion, Llmnaea), which have been isolated from the time of their 
birth, is possibly due to an abnormal autofertilisation. 

"Progenesis" has only been observed in one Gymnosome 
(Clione), in which the larval characters are preserved for a long time. 
Copulation only takes place in such Gastropods, whether monoecious 
or dioecious, as are provided with a penis, and in the Cephalopoda. 
In several members of the latter class the copulatory organ, or 
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hectocotylus, is caducous and travels independently in search of 
the female. In those Molluscs which do not copulate the eggs 
are fertilised after oviposition. The eggs are laid separately in the 
Amphineura, in the more archaic Gastropoda, in the Scaphopoda, and 
in admost all the Lamellibranchia (that is to say, generally, in the 
forms that do not copulate), but in the majority of aquatic Gastro- 
pods and in the Cephalopods the eggs when laid are united into 
a gelatinous or coriaceous nidus, which may be attached (benthos) 
or floating (plankton). As a rule, Molluscs do not nurture their 
progeny, and when once the eggs are laid they take no further 
heed of them. Some of them, however, retain their eggs till the 
time of hatching, and are therefore called incubatory forms (Fig. 8). 
Examples of incubatory forms occur among the Lamellibranchs, 
especially the specialised eulamellibranchiate Submytilacea ; among 
marine Gastropods {Vermetus, etc.), among freshwater Gastropoda 
(Melania, etc.), and even among the octopodous Cephalopods {Argo- 
nauta), but the number of truly 
viviparous forms is very small. 
Cdllistochiton among the Amphi- 
neura and several genera of 
aquatic and pulmonale Gastro- 
pods are the only instances. ^^- ^' 

Thp niiTYi hpr nf Pfraa laiH iq -v^rxr Stenogyra mamiUata, left side view, with four 
-Lne numoer 01 eggs laia is very embryos in the oviduct, em, embryo. 

variable. It is always greater in 

the case of those marine Molluscs which abandon their eggs to 
the mercy of the waves than in those which deposit them in a 
nidus, agglomerated together in ribands or in shells in which the 
embryos are naturally protected. Thus Ostraea may lay as many as 
60,000,000 eggs, Chitcm 200,000. On the other hand, numerous 
eggs are found in the nidus of certain Nudibranchs (50,000 in the 
case of Doris), Cephalopods (Loligo, 40,000), and pelagic Gastropods 
{Cymhvlia, 1200). In all cases in which numerous eggs are laid 
free larval forms are developed, but when the whole of the develop- 
mental stages are passed through within the egg-membranes, and 
when the young individual is hatched with the characters of its 
parents and undergoes no metamorphoses, the number of eggs is 
generally small {Cenia, 4-12), or the greater number of the eggs laid 
is absorbed and furnishes nutriment for a few embryos (Buccinum, 
Purpura, etc.). In the following cases also eggs are laid in small 
numbers : — (1) In incubatory forms, such as Vermetus, where from 
120-240 eggs are incubated in the pallial cavity, under the 
protection of the shell ; (2) in terrestrial and fluviatile species, in 
which the number of eggs is always smaller than in marine forms. 
In this case caenogenesis or embryonic condensation is the rule; 
the young animal quits the Qgg in the adult form, and there is no 
need for a large number of embryos. Instances in point are — 
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lAmimea^ 20-100 eggs; Helvx,^ 40-100; Aiicylus, 5 or 6; Falvata, 

1 7 ; Neritina, 50-60. Lastly, the number of eggs is small in 

viviparous forms: in Paludina there are about 15; in Subtdina 
(Fig, 8) there are 4. 

III. Embryology. 

In the Mollusca the segmentation of the egg is unequal. In 
«ome primitive forms, it is true, the first two or three divisions are 
regular {FaUllay Fig. 9, A; Chiton), and the two first blastomeres 
are often equal in size, but it is frequently the case that even the 
first division is unequal (many Lamellibranchs, Kachiglossa, etc.). 
From the first phases of segmentation up to the blastula stage one 
may distinguish two kinds of cells or blastomeres : the ectodermic 
cells, called ectomeres or micromeres; and the endodermic cells, 
called endomeres or macromeres. In the more primitive fonns, 
however, such as Patella (Fig. 9, A), and the Protobranchia, there is 
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Eggs of various Mollusca, at the same stage, with 4 micromeres. A, Patella (Patten) ; B, 
Lacuna ; C, 2'erecto (Hatschek) ; D, Sepia (Kolliker). nui, macromeres ; mi, micromeres. 

scarcely any diflference in size between the two kinds of blastomeres, 
but in proportion as the endodermic cells are charged with food-yolk 
so does the difference in size become accentuated, as may be seen 
in the Taenioglossa (Fig. 9, B), and particularly in the Lamellibranchs 
{Fig. 9, C) and Kachiglossa. In the last-named group the irregu- 
larity of segmentation reaches its maximum, leading to the stage 
of incomplete or meroblastic segmentation characteristic of the 
Cephalopods (Fig. 9, D). It is quite exceptional for the segmenta- 
tion to become secondarily regular, as in Falvdina, where this 
condition is due to the diminution of the yolk (Fig. 110). 

The separation of the ectodermic from the endodermic elements 
of the embryo follows a constant rule, similar to that which obtains 
among the Annelida. After the formation of the four primary 
micromeres two new series or quartettes of micromeres are formed 
at the expense of the large endodermic cells, and all the ectodermic 
organs are formed from these three quartettes. The micromeres 
multiply moi'e rapidly than the macromeres, and there are even 
cases, such as Dentalium (Fig. 184), certain Eachiglossa, and 
Lamellibranchs (Teredo, Fig. 9, C, Cyclas, Unionidae), in which there 
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is only a single macromere during the eaily atages of segmentation. 
Tlie segmentation sphere or blastula is thus formed of two more 
or less unequal moieties, respectively known as the formative 
(ectodermic) and nutritive (endodermic) moieties. Internally there 
is a segmentation cavity or blaatocoole, generally much reduced 
(Fig. 10, A), except in certain Lamellibranchs {Cyclas, Dreissensia, 
etc) and stylonimatophorous Pulmonates. The animal or formative 
pole of the egg is indicated by the presence of the polar bodies ; 
the vegetative or nutritive pole is opposite, and at this point the 
blastopore or orifice of the digestive cavity will be formed 
(Fig. 110, A, W). 

Formation of the Digestive Cavity and if the Dihlaittda or Gaslrvla. 
— The tinal result of the segmentation is that the micromeres form 
a more or less complete envelope to the segmented ovum, covering 
over the macromeres which remain within to form the endoderm. 
But the formation of this double-walled sphere, tbe diblastula or 




Two Ijpea ot gsiitrulM. A, Invagliiste or embolic ICMteit \ after Kowalewakj) ; B, eplbolic 
{CrffUuio : Bftet OoDUin). N, blutopore ; ec, fctoderin ; rn, fntodemi. 

gutrula, may be effected in one or the other of two apparently 
■lifferent methods, invagination or epiboly. Invagination or 
emholy is certainly the more primitive method, and is realised in 
ova witli a relatively small amount of food-yolk. In this case the 
nutritive moiety of the blastula is doubled back within the 
formative moiety, much as one half of a deflated hollow indiarubber 
ball may be pushed by the hnger within the other half. These 
tvo halves are separated by a remnant of the original segmentation 
cavity, which is invariably much reduced by the process. The 
invagination thus produced gives rise to the digestive cavity or 
mhenteron, lined by the endoderm and communicating with the 
exterior by the blastopore. As examples of this mode of formation 
one may cite Chiton (Fig. 10, A), FcUudim, the Pulmonata, the 
Xudibranchia, the Pteropoda, the Gymnosomata and Limacinidae, 
the Scaphopoda, Numla, Ostraea, Piddiuni, and the Unionidaa 

The gastrula is formed by epiboly when the nutritive cells or 
macromeres have become so much distended with food-yolk as to 
be too large to be inv^inated into the layer of micromeres. In 
such case the micromeres as they multiply grow round the 
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endoderm and gradually surround it, leaving at the nutritive pole 
an orifice, which is the blastopore. Examples of this mode of 
formation are — Many streptoneurous Gastropoda (Troc}m&^ Verrmius^ 
Crepidula, Fig. 11, Janthina), the majority of the Eachiglossa 
(Columbella, FvsuSy Nassa, Purpura^ Urosalpinx\ the Tectibranchs 
{Acera^ PhUine, Aplysia, Thecosomata), and many Lamellibranchs 
(Fecten, Modiolaria, Cardium^ Teredo^ etc.). The two processes, 
however, differ only in appearance, and there are intermediate 
stages which form an insensible passage from one method to the 
other. In fact, complete invagination only occurs when the 
segmentation is quite or very nearly regular {Palvdirm, Chiton^ etc., 
Figs. 10, A, and 110, A), but in consequence of the progressive 
increase of the amount of food-yolk contained in them, the macro- 
meres become larger and larger and are only able to be invaginated 
at a late stage of development. That is to say, in certain embolic 
gastrulae there is a commencement of epiboly, followed eventually 
by an invagination of the macromeres (Firoloida, Clione, Nucvla). 

In the various cases enumerated above the segmentation of the 
ovum is complete or holoblastic. In the Cephalopods the case is 
different, for the segmentation is incomplete or meroblastic (Fig. 
289), a large part of the Qgg being formed of food-yolk which takes 
no part in the division. But it must be remarked that in various 
types, such as the specialised Gastropods (Rachiglossa : Nassa, 
Purpura^ Fusus, etc. ; Tectibranchia : Acera, Aplysia, Cavolinia, etc.), 
there is a sort of quasi -distinct yolk, formed by the granular 
portion of the macromeres. Hence the meroblastic or " discoidal " 
segmentation of the Cephalopods is not absolutely distinct from 
the total segmentation observed in other Molluscs: it is only an 
exaggeration of epiboly. In fact, as the yolk forms the principal 
part of the ovum and the protoplasm is concentrated at the 
formative pole, the ectoderm is formed over a limited region of the 
yolk (the " germinal disc " or " embryonic area "), and is unable to 
envelop it entirely, so that development proceeds as if the process 
of epiboly had been left incomplete, the blastopore remaining very 
large and leaving all that part of the yolk which could not be 
covered by the ectoderm outside the embryo. Under these 
circumstances the endoderm is essentially an embryonic tissue, 
exclusively employed in the constitution of the vitelline mass, and 
degenerates in the adult, a great part of the digestive tract of the 
latter, a long stomodaeum and a long proctodaeum, being formed 
by the ectoderm. The passage to this condition is presented by 
some Gastropods with an abundant yolk : in Nassa a part of the 
primitive endoderm degenerates in the adult, and in Fusus the four 
macromeres of the primitive endoderm seem to form a provisional 
embryonic organ, and it is the ectoderm that forms nearly the 
whole digestive tube. In the different groups of Mollusps the liver 
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is formed from the wall of the enteron, generally aa a pair of 
diTertJcula given off from its middle region (Fig. 116), and com- 
posed exclusively of cells of a fatty nature, while nutrition is effected 
by the abaorption of the yolk. 

Farmoiion of the Orifices of tlie Digestive Tube. — The gaatrula 
mouth or blastopore, at a given period of the development at any 
rate, has very often the form of an elongated slit. This condition 
IB ehown in Patella {Fig. 113, III), Btlhynia, various Opisthobranchs, 
BUch as Aplysia and Nudibranchs, in basommatopborous Pulmonales, 
Cydas, etc. This alit gradually closes up from behind forwards, its 
two margins forming the ventral pedai prominence. In other cases 
thk aperture may be more or less elongated, oval in shape, with an 




anterior groove running forward as far as the velum, as is seen in 
Paivdina. Or again, the blastopore may be circular, and be 
gradually displaced from behind forwards, suggesting a specialised 
condition of the slit-hke blastopore which closes in the same 
direction. The linear or circular blastopore is totally closed 
in a lai^e number of cases j such are, Aepidobranchs : Patella, 
Trockus, and Neritiaa ; Pectinibranchs : Bithynia, Nassa, Purpura, 
Natiea, LameUaria, and Crepidula ; Opiathobranchs : Aplysia, 
various Fteropods and Nudibranchs ; Lamellibranchs : Cyrenidae, 
Unionidae, Dr^smsia, Teredo. In other forms the blastopore, 
though it may contract so much as to be scarcely visible, remains 
open ; if it is a hnear blastopore it is the anterior end that persists. 
Examples are. Chiton; several marine Streptoneura, including 
Vemutus, Fusus, and Heteropods ; Fulmonata ; Denialiitm ; Nucuia ; 
(htraea. 
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An invagination of the ectoderm at the pUice where the 
blastopore cloaed, or surrounding the bkstopore if it remains open, 
places the digestive cavity (enteron) of the gastmla in communica- 
tion with the exterior. This 
invagination constitutes the 
Btomodaeum, from which the 
pharynx and oesophagus 
with all their accessory ap- 
paratus, the salivary glands, 
radula, etc., are formed. 
Thus the blastopore, if it 
remains open, does not 
become the mouth of the 
adult. Palvdma, however, 
is an exception, in that 
the whole of the blasto- 
pore remains open and be- 
comes the anus (Ray Lan- 
kester), whilst the stomo- 
. daeum is formed at the 
anterior end of the embryo 
(Fig. 110, F, m). Later, in 
Molluscs in general, the proctodaeum is formed aa a very short anal 
invagination, at the posterior end of the original blaatoporic groove. 
Its position is generally indicated by the presence of two prominent 
ectodermic cells, and it perforates the posterior part of the archen- 
teron, establishing a com- 
munication between the in- 
testine and the exterior. 

Eclodermic Organs. — The 
embryo, then, has an endo- 
dermic digestive cavity and 
a general ectodermic en- 
velope from which the 
oesophagus and the anal 
invagination are derived. 
But the ectoderm is prin- 
cipally concerned in the 
production of the permanent 
tegumentary organs properly 
so called, such as the foot, i 
the mantle, and the ctenidia, | 
and those organs which, al- 
though deeply placed, originate from the surface, such as the nervous 
system and the organs of sensation. The ectoderm further gives 
rise to the embryonic locomotory organs which result from a special 
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adaptation to larval life. The most important of these embryonic 
organs is the velum; primitively a preoral ciliated ring, characteristic 
of the Trochosphere (Ray Lankester), which delimits an area known 
as the prostomium or "velar area." Towards the centre of this 
area there is often a ciliated tuft or a flagellum, as in the larvae 
of Amphineura (Figs. 14, 17), PateM (Figs. 14, 113), Dentalium 
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Three Trochospheresof Mollusca. A, Isclmochiton (Be&th) ; B, Patella (P&tten) ; C, Dreissensia 
(Heisenheiiner). a, anus ; /, foot ; Jlf flagellum ; m, mouth ; p.a.c, post-anal cilia ; sh, shell ; 
«, velum. 

(Fig. 1 5), and various Lamellibranchs (Figs. 1 4, C ; 16). It is on 
the buccal side of this tuft, when it exists, that the apical plate 
is situated, probably the remains of a sensory organ from which the 
cerebral nerve-centres take their origin. The velum may be differ- 
entiated in one of two ways : — (1) The preoral ciliated ring may 
extend itself by growing outwards at all parts of its circumference : 
the trochosphere larva is thus 
transformed into a " veliger " 
(Ray Lankester), a larval 
form highly characteristic of 
Molluscs (Fig. 18). The 
velum may be divided into 
two lateral lobes (Fig. 18, v), 
which in their turn may be 
divided into two or three 
secondary lobes (Fig. 121). 
(2) The velum may retreat 
for a greater or less distance 
towards the posterior end 

of fViA ATTiKrvo hppnmina- W> blastopore ; A flagellum ; in, intestine ; pa, mantle 
01 tne emoryo, Oecoming ^^ sheU-gland ; ve, velum. (After Kowalewsky.) 

attached to it in such a 

manner as to form a more or less extensive superficial investment 

furnished with multiple ciliated rings, as in Dentalium (Figs. 15, 




Fio. 15. 
Trochosphere of I>ento2iufn,sagittal median section. 
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186), Neomeniomorpha (Fig. 17), Nuculidae (Figs. 16, 225). The 
embryo may in this manner be nearly completely inveated by a 
" test " extending posteriorly to an orifice which, however, is only a 



In both cases the velum eventually atrophies when the animal 
assumes the definitive habits of the adult. Wiien the whole course 
of the development is undergone within the egg- membranes, there 
is either no vellger stage {Cephalopods, Figs. 119, D; 2S7, 290, 
291 ; Cydas, Entovdva, etc.) or there is no free veliger, but. a more 
or less rudimentary velum, postero-dorsally atrophied, may be 
observed, which persists nearly to the time of hatching (viviparous 
Gastropods, Purpura, Fig. I, Pulmonata). 

A post-anal ciliated area is not unconmionly found, as, for 
example, in Purpura (Fig. 1), among Gastropods, and Dreissensia 
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(Figs. 13, H,p.a.c) among Lamellibranchs. Finally, post-oral ciliated 
rings, secondarily acquired, are found in the larvae of certain Opis- 
thobranchs, Gymnosomata (Fig. 120). 

The foot is nothing more than a projection of the integument 
between the mouth and the anus. Its earliest rudiment is evidently 
paired, since it is formed by the union of the lips of the (commonly) 
elongated blastopore (Fig. 113). It is only at a late stage of 
development that it attains its complete development ; during the 
early stages- it is very small and functionless, tlie velum serving as 
the solo organ of locomotion {Fig. 112). 

An ectodermic invagination, bounded by a ridge, makes its 
appearance at an early period on the dorsal face of the embryo, 
near the formative pole. This invagination, known as the " shell- 
gland" (Kay Lankester) or preconchylian invagination (Fig. 110, 
E, F, sh.gl), is also the precursor of the mantle, since the edge of 
the latter structure is formed by the ridge. The shell-gland 
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spreads from its point of origin in the form of a pallial thickening, 
which may be only slightly concave, or it may be deeply invagin- 
ated and afterwards evaginated. The invagination is caused by 
the very rapid prohferation of the epithelial tissue in the neighbour- 
hood of the pallial ridge. When evaginated these epithelial cells, 
having again become external, begin to secrete the shell. 

The bi-aru^kiae or denidia originate on the inner surface of the 
mantle as tfigiimentary projections in the form of papillae or of 
filaments arranged in series (Fig. 229). 

The Nerwas System and Organs of Sensation. — The various pairs 
of nerve-centres arise separately, and usually as thickenings of the 
ectoderm at the points where 
they are formed. In certain 
cases, however, the nerve-centres 
are developed by the more 
primitive process of invagina- 
tion, as may be seen in the case 
of the cerebral ganglia of Ben- 
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talium, Vermetus, Caivlinia (paired invaginations), Yoldia (Fig. 
16, c.g), and Dreissen^ (an unpaired invagination), a portion of 
the cerebral centres in Pulmonates, and the cerebral, pedal, and 
visceral ganglia of the Unionidae. When the cerebral ganglia are 
formed by invagination, a single pit, or a pair of pits, is formed 
on the oral side of the apical plat«, from the bottom of which 
ganglion cells are budded off; the remainder of the invagination 
goes to form the labial palps, etc., of Lamellibranchs, and probably 
the rhinophorea of Gastropods. 

The eyes also, including the pallial eyes of the Pectinidae, and 
the otocysts are sometimes developed from ectodermic thickenings ; 
but in many cases these organs are formed by invagination, for ex- 
ample, in various Cephalopoda (Fig. 1 19, D) ; in Gastropoda : in the 
Aflpidobranchs, Faludina, Bithynia, Galyptraea, Crepidvia, Nassa, the 
Heteropoda, and the Fulmonata. The otocysts only are formed 
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by invagination in some other Gastropods (Ftbsus), and in Benkdium 
and various Lamellibranchs. 

Mesoderm and Mesodermic Organs. — A third intermediate cellalar 
layer is formed, generally at an early stage, between the external 
ectodermic envelope and the endodeimic wall of the digestive tube. 
This is the mesoderm, from which all the organs situated between 
the digestive tube and the integuments are produced. The origin 
of this layer is often difficult to determine, especially in highly 
specialised forms, but in all cases in which the origin is distinct 
there is no doubt about the matter, the mesoderm is derived from 
the endoderm. This derivation is shown in the Polyplacophora, 
the Aspidobranchs {Patella^ Fig. 12, me; Trochus,Neritina\ the Pectini- 
branchs (Palvdina, Bithynia, Crepidida, Fidgur, etc., and seemingly the 
Heteropoda), the Opisthobranchs (FhUine, Umbrella, Aplysia, Clione, 
Chromodorisy etc.), the basommatophorous and stylommatophor- 
ous Pulmonates, the Scaphopods, the Lamellibranchs {Pisidium^ 
Unionidae, Dreissensia, Teredo, etc.). Nevertheless we find scattered 
mesodermic cells, giving rise to unicellular muscular fibres of the 
integument (^wio, Crepidvla), which are derived from the ectoderm. 

The principal result of the development of the mesoderm is 
the formation of another cavity in the embryo, the coelom. In 
the MoUusca the coelom does not originate by the invagination 
of enterocoelic pouches (Tonniges has shown the inaccuracy of 
Erlanger's description of enterocoelic coelomic pouches in Paludina), 
but, as a result of specialisation, this primitive method is supplanted 
by solid mesoblastic masses, generally paired, which may be con- 
sidered as the cardio-genito-renal rudiments. These mesoblastic 
masses take their origin from the macromeres. As a rule, at the 
stage when four macromeres are present, it is the most posterior 
of the four that gives rise, by successive divisions, to the two first 
mesomeres or primary mesodermic cells (Fig. 11). From these the two 
mesodermic bands, which constitute the third layer, are produced 
as solid, or in some cases discontinuous masses. The coelomic 
cavity or series of cavities are formed by more or less regular fission 
or delamination of the mesoblastic bands, — evidently a secondarily 
acquired mode of development. The coelom is therefore physio- 
logically a schizocoele. Eventually it is placed in communication 
with the exterior by ectodermic invaginations. The order in 
which the diflferent parts of the primitive coelomic cavity make 
their appearance is not constant. The pericardium, in particular, 
may originate as two symmetrical cavities, which unite more or 
less rapidly (Paludina, Cyclas, Cephalopoda), or directly, as a single 
azygos cavity (Dreissensia, Pulmonata). The extension of the 
mesodermic elements evidently narrows the primitive segmentation 
cavity or blastocoele, which becomes the cavity of the circulatory 
system. These elements spread between the ectoderm and endo- 
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derm, and become specialised to form the internal lining of the 
circulatory cavity in particular, and may even fill almost entirely 
the remainder of the blastocoele in the form of a false mesenchyme 
(caenogenetic or secondary mesenchyme), which constitutes the 
connective tissue. This naturally restricts the extension of the 
coelom properly so called, so that it is commonly reduced to the 
pericardial cavity. Since the mesodermic tissue gives rise, in this 
manner, to the epithelial wall of the coelomic cavity, to the lining 
of the circulatory cavity, and to the conjunctive tissue filling up 
the spaces between the organs, one must recognise it as sharing in 
the evolution, firstly, of the coelom and the excretory and repro- 
ductive organs derived from the coelom ; secondly, of the circulatory 
apparatus — the heart, etc. 

The coelom, of which the formation has been described above, 
is essentially a cavity communicating with the exterior, and its 
epithelial wall may be differentiated in two special ways — into 
excretory or renal elements, and into reproductive, and therefore 
caducous elements. In the most primitive process the kidneys are 
formed in connection with a portion of the coelom, with which 
they remain in complete continuity (Falvdina). In other cases 
they are formed by a hollowing out of a portion of the mesoderm 
in contact with the pericardium (Bithynia, Liiimx, Cydas, Breissensia, 
etc.), or they may be formed independently in their definitive 
position (Cephalopoda). Eventually each kidney acquires a com- 
munication with the pericardium, and in all cases makes a connection 
with the exterior by an ectodermic invagination. The genital 
organs or gonads originate either from the wall of the coelom or 
pericardium (Falvdina, Dreissensia), or in contact with the coelomic 
wall (Cyclas), or from a rudiment common to themselves, the 
pericardium and the kidney, or, finally, from distinct mesodermic 
elements. The continuity of the pericardium and gonads is 
well preserved only in the Aplacophora (Fig. 30, C) and adult 
Cephalopoda (Fig. 252, coe) ; in all other Molluscs the genital organs 
are separated from the pericardial cavity and acquire communica- 
tions either with the kidneys or directly with the exterior. In the 
latter case the terminal portions of the gonaducts, together with 
the accessory genital glands, are ectodermic in origin. 

The heart may arise from a portion of the wall of the peri- 
cardium itself (Faludina), or a common rudiment may give rise to 
the wall of the pericardium and the heart (Pulmonata, Cyclas, 
Dreissensia, etc.), and in the latter case the origin of the heart may 
be paired (Cyclas, Cephalopoda) like that of the pericardium itself. 

The larvae of such Molluscs as lay their eggs singly and free in 
the sea are hatched out very rapidly ; a few hours suflfice in the 
case of DerUalium among the Scaphopoda ; twenty hours in Trochus 
among the Aspidobranchs ; fourteen hours in Yoldia among the 



32 THE MOLLUSC A 



Lamellibranchs ; twenty-four hours in Pholas, etc. The eggs of 
Gleha, aggregated into a nidus, are hatched after three or four 
days, those of Ischnochitmi after seven days ; but in the majority of 
Gastropods and the Cephalopods the time required is much longer. 
The marine larvae of temperate seas are intolerant of a rise of 
temperature, and generally perish when it approaches 30° C. 

IV. Definition of the Mollusca. 

From what precedes, it results that in each of the five classes 
the same lines of specialisation may be observed — viz. the loss of 
the shell, of the foot, of the ctenidia, of the radula, etc. Thus the 
general morphological characters are obviously those of the most 
primitive of the different classes (Fig. 19), and the following 
diagnosis may be proposed for the phylum : — 

1. The Mollusca are originally bilateral organisms, in which 
signs of primitive segmentation are no longer evident. 
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Fig. 19. 

Scheme of a primitive Mollusc, viewed from the left side, a, anus ; eg, cerebral ganglion ; 
/, foot ; flr, gill, in the pallial cavity ; goy gonad ; h^ heart ; fc, kidney ; to.c, labial commissure ; 
TO, mouth ; pa, mantle ; pa.n, pallial nerve ; p«, pericardium ; p.gr, pedal ganglion ; pLg^ 
pleural ganglion ; ra, radula ; r.p.Oy reno-pericardial orifice ; st, stomach ; st.g, stomato-gastric 
ganglion ; v.g, visceral ganglion. 

2. They possess a well-developed coelom (gonad and pericar- 
dium), enteron, and haemocoel, quite distinct from one another. 

3. The alimentary tract exhibits (or has lost) a radular sac in 
its anterior part. 

4. The nervous system consists of a peri-oesophageal ring, 
whose supra-oesophageal (or dorsal) moiety is the cerebral com- 
missure, and the infra-oesophageal (or ventral) moiety is the labial 
commissure. The former gives off chiefly sensorial nerves, the 
latter nerves to the digestive tract. From their union two nervous 
cords arise on each side, a dorsal or pallial and a ventral or pedal ; 
from the former arise the visceral nerves, whose main trunks are 
frequently joined together under the digestive canal to form the 
infra-intestinal visceral commissure. 

5. The general body -wall is differentiated into three regions : 
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(1) the antero-dorsal or cephalic, on which are borne most of the 
special sense-organs ; (2) the postero-dorsal or pallial, which forms 
a projecting fold around the body, and secretes on its external 
face a calcified cuticle or shell, and on its lower surface develops 
respiratory organs or ctenidia ; (3) the ventral or pedal, which is 
the organ of locomotion. 

6. A so-called "veliger" or free trochosphere larva is nearly 
always present in embryonic development ; its preoral ciliated ring 
grows out to form a natatory velum, and at its formative pole 
there is a " preconchylian invagination " or shell-gland. 

■ 

V. Bionomics and Distribution. 

Molluscs are essentially aquatic animals, but the most varied 
modes of existence may occur, even among members of the same 
class. The majority are inhabitants of the sea ; a few live in fresh 
water ; a single order of Gastropods and a few isolated members of 
the same group are adapted to a terrestrial life. They are repre- 
sented in the three great groups of aquatic organisms, namely, in 
the Benthos, comprising creeping or fixed animals inhabiting the 
depth of the sea ; the Necton, comprising animals that swim 
actively and can make headway against the currents ; the Plankton, 
comprising animals that float passively and cannot contend with the 
currents. The first group includes the littoral and abyssal Molluscs, 
among which the Necton is also represented. The two other 
groups include the pelagic Mollusca, the Cephalopods belonging 
exclusively to the Necton, while the free-swimming Gastropods, 
and those which inhabit pelagic Algae, some isolated Lamelli- 
branchs {Planktomya\ and the larvae of various groups^ belong to the 
Plankton. 

The Mollusca are distributed over the whole surface of the 
earth and in all latitudes. Terrestrial forms are found on the 
highest mountains — some Stylommatophora at a height of 15,000 
feet ; lacustrine forms (Limnaea) are found at a depth of 350 
fathoms. The pelagic forms are not only distributed over the 
surface of the sea, but may descend to a depth of 2600 fathoms 
without reaching the bottom. Abyssal Molluscs are found in all 
oceans extending to a depth of 2800 fathoms from the surface. 

As a rule. Molluscs are free-living animals, and crawl, swim, or 
burrow, but some are sedentary in adult life. Only a few 
Gastropods and Lamellibranchs are fixed to their habitat. Their 
modes of alimentation are various. Some are commensal with 
Ascidians, e.g. Modiolaria; some Math Echinoderms, as Montacuta, 
Lepton, and Sdoberetia ; some with Cinistacea, Lepton squamosum and 
Ephippodonta, or with Sponges (Vulsella), or Annelids (Cochliolepis). 
Others again are ectoparasitic on Echinoderms, such are Thyca and 
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Stylifer (Fig. 20) ; or, like Eidima and EtUomdva, are endoparaeidc, 
also in Echinoderms. In the latter case the animal may become so 
degenerate in the adult state as to consist of little more than a 
sac containing the genital products, as for example Entosiphon 
(Fig. 21), Entocolax (Fig. 138), Etdoamcha (Fig. 139), and Enteroxenos 
(Fig. 140). 

There are many cases of protective adaptation and mimicry in 
the various groups of Molluaca. The pelagic species ace generally 
transparent and colourless or 
tinged with blue, but the most 
remarkable examples of mimicry 
are found among the forma un- 
protected by a shell (Nudibranehs, 
Lamellaria, etc.), in which the 





StiiUJtT wleSnirfa, : 



individual assumes the colour and aspect of its habitat, as for 

instance Hermaea dendritica on green algae, and Herviaea bifida on 
Gri£itlisia, a red alga, etc. The abyssal Molluscs are colourless, 
and are characterised by the thinness of the shell, the atrophy of 
the visual organs, and the development of tactile organs. 

Examples of convergence of form may also be noted, such as 
Marginella and Pseudamargineila among Gastropods, Pholas Candida 
and Petricola pholadiformis among Lamellibranchs. 

The duration of life in individual Molluscs is ordinarily rather 
short. Marine Streptoneura may live for several years, and lAtlorina 
litlorea, when in captivity, has attained an age of nearly twenty 
years. Freshwater Molluscs may live for eight years (Palwiina). 
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The Pulmonata are generally biannual, but Kelvx, pomatia may attain 
an age of six years. The majority of Nudibranchs and Tecti- 
branchs appear to live for one year only. Many Lamellibranchs 
{MytiltLS, Teredo) are adult at the end of one year ; Avicula is adult 
at the end of two years ; Ostraea edulis is sexual at two years, 
becomes adult in five years, but may live for ten years in oyster- 
beds. The huge Tridacna lives for about eight years, the Cyrenidae 
only two years, but the Anodontidae are remarkable for their 
longevity ; they do not become sexually mature till they are five 
years old, and they continue to grow to the age of twenty or thirty 
years. In the Cephalopoda it seems that Eossia does not live for 
more than a year, and Octopus not more than four years. 

Many Molluscs are able to fast for a long time. Cold affects 
them less than heat. Helix has been known to survive a tempera- 
ture of - 120° C, and small Gastropods live in thermal springs at a 
temperature of 42° C. Molluscan embryos and larvae generally 
perish, in temperate climates, at temperatures of + 31" C. and - 3° C. 
Descriptive zoologists have enumerated more than 28,000 
species of living Molluscs, of which more than half are Gastropods. 
Fossil representatives of Molluscs are found in all deposits from the 
Palaeozoic onwards. 

1. Distribution in Space, 

I. Marine Molluscs — A. Littoral Fauna, — The shores of con- 
tinents are divided into three provinces by great thermal variations, 
a. The North Polar province, with characteristic genera such as 
Cryptochiton, Molleria, Lacuna, Velutina, Onchidiopsis, Solariella, 
MachaeroplaXf Volutharpay Torellia, Cyprina, Mya, p. The South 
Polar province, with the characteristic genera Fhotinula, Struthiolaria^ 
ComineUa^ Eatoniella^ Cyamium, Lissarca^ Fhilippiella, Modiolarca. 
y. The tropical province, or region of coral reefs, in which one may 
distinguish four sub-regions: — (1) The Indo-Pacific, the home of 
Nautilus and the chief forms of the Toxiglossa. The Mediterranean 
should be included in this sub-region, and the Australo-Zealandic 
division of it, just as is the case with the terrestrial fauna, presents 
special characters, as shown in Trigonia, Amphibola, etc. (2) The 
West African and (3) the East American sub-regions, which have 
several forms in common. (4) The West American, characterised 
by such genera as Monoceros, Concholepas, etc. Occasionally species 
may be naturally or artificially acclimatised in various parts of 
these regions, but exchanges are only definitively effected between 
similar latitudes, as for example Littorina littarea between Europe 
and North America, and reciprocally Venus mercenaria and Fetricola 
pholadiformis, 

B. The Abyssal Fauna, is not divisible into distinct provinces, 
and many of its species are universally distributed either in the 
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northern and southern parts of the same ocean or in several 
diflferent oceans. Thus lAmopsis aurita, Semele jprofundorumy 
Vertkordia deshayesianay Area pteroessa are found in the Atlantic 
and Pacific ; Hyalopeden jmdicum and SUenia sarsii are common to 
the Atlantic and Indian oceans. Characteristic abyssal genera are 
Leptochiton, Scissurellay Margaritay Cyclostremay Setiay Leda, Bathyarca, 
LimopsiSy Hyalopecten, Dacrydium, CcUlocardia, and Septibranchs in 
general. 

C. The Felagie Fauna, — a. The superficial forms are very 
widely distributed, but may nevertheless be described as belonging 
to polar and tropical provinces. The North and South Polar fauna 
are different : to the former belong Clione limacinay Limacina helicina • 
to the latter Spongiohranehaea australiSy Limacina antarctka, 13. The 
zonary or deep forms are probably more universally distributed, 
but are still imperfectly known; they include the luminous 
Cephalopoda. 

II. Land and Freshwater Molluscs, — It is only a small number 
of groups that have quitted the sea to assume a freshwater or 
terrestrial existence, and among these no Amphineura nor Scapho- 
poda nor Cephalopoda are found. Among the Lamellibranchs only 
a few families are found in fresh water, viz. Cyrenidae, Dreissensiidae, 
Unionidae, Aetheriidae (none of them primitive in organisation), and 
a few isolated types. Among the Gastropods we find very few 
Rhipidoglossa, Neriiina, Hydrocaenay Titiscania ; chiefly Taenioglossa, 
e.g,the ValvatidaeyPaludinidae,Ampullariidaey Hydrobiidae, Melaniidae ; 
some isolated types of Rachiglossa, and practically no Opistho- 
branchs. As for the terrestrial Mollusca, there are only a few 
families of streptoneurous Gastropods (Helicinidae, Cyclophoridae, 
etc.), and the whole order of Pulmonata. Of the last-named, one 
sub-order, the Basommatophora, has returned to an aquatic life, 
chiefly in fresh water, but retains for the most part a pulmonary 
respiration. 

It is mostly in warm regions, and particularly in those in 
which the sea is inclined to be brackish, that marine forms have 
penetrated into fresh waters. Certain inland seas also have 
become separated from the ocean, and have preserved a fauna 
which is partly of marine origin. Lakes Baikal and Tanganyika 
appear to belong to this category. 

The tropical regions in general are characterised by terrestrial 
forms, such as Vaginula, Helkina, AmpuUariay etc. ChUina and 
Bulimus belong to the Neotropical region. Clausilia is not found 
in North America, and, generally speaking, the Pulmonates with 
folded branchiae are absent from the New World. The Ethiopian 
province is the home of Achatina ; the Australo-Zelandic of Janellay 
Rhytida, Vanganella, Latia ; the Oriental region of Cydophorus and 
the Rathouisiidae. The distribution of terrestrial and fiuviatile 
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Molluscs shows that the Asiatic and Australian regions are 
separated not by Wallace's line, but by another line farther east. 



2. Distribution in Time. 

The five classes of Molluscs were already diflferentiated at a 
remote epoch of the Palaeozoic era. The Polyplacophora, the 
Cephalopoda, and Dentalium were represented in the Ordovician ; 
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Fi(i. 22. 

Diagrams of the five classes of Molliisca, from the left side. A, Amphineura ; i>, Scapho- 
poda ; C, Gastropoda ; D, Lamellibranchia ; A', Ceplialopoda. a, anus ; a.a, anterior adductor ; 
eg, cerebral ganglion ; /, foot ; /it, funnel ; g, ctenidium ; h, heart in the pericardium ; h.a, 
posterior adductor ; w, mouth ; pa, pallium or mantle ; p.g, pedal ganglion ; pl.g, pleural 
ganglion ; ra^ radula ; st, stomach ; st.g, stomato-gastric ganglion ; v.g, visceral ganglion. 

the Rhipidoglossa and the Palaeoconchs (Lamellibranchia allied to 
Solenomya)f in the Cambrian. 

On the other hand, many ancient stocks have left no surviving 
descendants. But the appearance of existing genera or families 
supports the phylogenetic conclusions drawn from the study of 
comparative anatomy. Among the Cephalopoda it is the Tetra- 
branchs that appear in the Ordovician ; the Ammonites appear 
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only in the Devonian, and the Dibranchs (Belemnites) at the 
beginning of the Secondary. But at the present day all the species 
of Tetrabranchs, some 7500 in number, are only represented by 
a few species of the single genus Nautilus ; and as for the group of 
Belemnites, it has entirely disappeared since the end of the 
Cretaceous, its sole surviving and more or less distant represent- 
ative at the present day being the genus Spirula, 

Among the Gastropods the Aspidobranchs (Rhipidoglossa) are 
the first to appear; several families, such as the Capulidae and 
Pyramidellidae, date back to the Upper Silurian. On the other 
hand, there are but few Ctenobranchs in the Palaeozoic ; most of 
the families of this order make their appearance in the Secondary, 
and the same may be said of the Opisthobranchs, with the 
exception of the Actaeonidae, which are found, as also are the 
Pulmonata, in the Carboniferous. Of Lamellibranchs various 
Protobranchs and Filibranchs are found in the Silurian, but the 
other groups, as a rule, do not appear till the Secondary. The 
Palaeoconcha of the Primary, and the Rudistae, Diceratidae, Mono- 
pleuridae, and Caprinidae of the Secondary, have died out without 
leaving descendants. 
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CHAPTER II 

THE AMPHINEURA 

CLASS L— AMPHINEURA, von Jhering (1876) 
( = IsoPLEURA, Ray Lankester ; Aculifera, Hatschek). 

Order 1. Polsrplacopliora (Chi tones). 
Sub-Order 1. Eoplacophora. 

Family 1. Lepidopleuridae. 

Sub-Order 2. Mesoplacophora. 

Family 2. Ischnocliitonidae. 

„ 3. Mopaliidae. 

4. Acanthochitonidae. 

5. Cryptoplacidae. 

Sub-Order 3. Teleoplacophora. 
Family 6. Chitonidae. 

Order 2. Aplacophora. 

Sub-Order 1. Neomeniomorpha. 

Family 1. Lepidomeniidae. 
„ 2. Neomeniidae. 
„ 3. Proneomeniidae. 
„ 4. Parameniidae. 

Sub-Order. 2. Chaetodermomorpha. 
Family 5. Chaetodermatidae. 

Historical — The Chitones were formerly the only known forms 
this group, and for a long time they were placed in the Gastropod 
near the genus Patella, the two forming the Order Cyclobranch 
of Cuvier. When Chaetoderma and Neomenia were investigate 
from an anatomical point of view, von Jhering united them to t] 
Chitones (1876), and placed the two in a division of "Worms 
which he called Amphineura. But the moUuscan nature of the 
Amphineura is so clear, that they were reintroduced into t] 
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p>liylum Mollusca by Spengel, Hubrecht, Lankester, etc., and even 
%ron Jhering has since admitted this interpretation. Although 
Gregenbaur and Claus have again separated Chaetoderma and 
JWeomenia from the Chitones, and placed the former in a distinct 
olass (" Solenogastres "), and the latter once more in the Gastro- 
poda, the unity of the Amphineura, as well as their molluscan 
^lature, is now very generally accepted. 

Definition. — The Amphineura are a group of Mollusca 

characterised, firstly, by their more or less elongated and quite 

symmetrical body, with the mouth and the anus situated at its two 

ends; and secondly, by their mantle, which is always provided 

with numerous spicules embedded in a cuticle. 

General Description. — The mantle is very large, and always 
covers at least the dorsal surface and the sides of the body. The 
whole external symmetry reappears in the various internal organs. 
In the nervous system there are, on each side, two longitudinal 
cords (one pedal, one pallial) with ganglionic cells along their 
whole extent. They are united with one another in front, where 
there is a supra-oesophageal cerebral commissure. The two pedal 
cords are also united by anastomoses, and in addition each of 
them also exhibits anastomoses with the corresponding pallial 
cord. The two pallial cords are united by a thick posterior com- 
missure on the dorsal side of the rectum. There are no otocysts. 
The buccal cavity is very generally provided with a radula (but 
mandibles are only present in a species of Chaetoderma). The 
anus and renal orifices are posterior. The heart is dorsally situated 
in the hind part of the body, and its ventricle is more or less 
intimately united to the dorsal wall of the pericardium. 

All the Amphineura are marine in habit. They are found in 
all oceans and at nearly all depths. They existed in very ancient 
geological ages, for they are already present in the Ordovician 
(Lower Silurian). 

There are two very distinct Orders of Amphineura: (1) the 
Polyplacojphora, (2) the Aplacophora. 

Order 1. Polyplacophora, Blainville. 

Definition. — Amphineura, whose chief characteristics are (1) the 
foot, occupies the whole ventral face of the body; (2) the 
niantle, bears eight transverse calcareous plates ; (3) between 
niantle and foot there is on each side a more or less complete row 
of branchiae. 

I. General Description and External Characters. 

The mantle covers the whole body on the dorsal side ; its 
ventral extension is inversely proportional to that of the foot, and 
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all around the latter there is a pallial groove. The mantle secretes 
a shell consisting of eight plates or valves articulated with one 
another and arranged in longitudinal series. Each of these valves 
partially overlaps the following, except in some species of CrypUyplax 
( = Chitonellus), in which the three hindermost are isolated. This 
articulation of the valves allows the animal to roll up. The two 
terminal (first and eighth) valves are semicircular, the six inter- 
mediate are quadrangular. They may be partially {Cryptoplax and 
some species of Acanthochiton) or even wholly (in adult Cryptochifon, 

but not in young ones) concealed by a redupli- 
cation of the mantle. 

Each valve is made up of two quite dis- 
similar calcareous layers : {a) the uppermost or 
tegmentum, which alone is visible externally ; 
(b) the deeper layer or articulamentum, which 
is porcellaneous, quite compact, and invisible 
in the living animal. In most of the lower 
Polyplacophora these layers are coextensive 
and have smooth edges, but in the higher 
forms the articulamentum projects beyond the 
^^^' ^^' outer layer into the substance of the mantle, 

G^nSllpfSSwl to which it is firmly attached. These pro- 
Slt^^sheiT-* late^-^ n^' the j^^^^ious of the outcr or peripheral margins 
first eyes on the sec5ond of the valvcs are termed "insertion plates": 

shell -plate; III, third .■• n i., j. i. j j. r ^-l 

sheii-piate. they are generally slit or notched to form the 

so-called " teeth," which may be either smooth 
and sharp along the edge or crenulated. The anterior margin of 
each valve, except the first, is invariably provided with two pro- 
jections called " sutural laminae," which underlie the hind margin of 
the valve next in front. 

The tegmentum has no representative in the shells of other 
Mollusca. It is formed by the fold of the mantle covering the 
edge of the articulamentum, and, as it grows in width, it extends 
over the latter. It is much reduced in Acanthochiton and aborted 
in the adult Cryptochiton. The stratified layers of the tegmentum are 
traversed by a system of numerous, nearly parallel, ramified canals 
through which special sense-organs pass to the surface (Fig. 24). 

Nearly the whole of the peripheral part of the mantle or 
"girdle," as it is called, is covered with chitinous or calcareous 
spicules of various shape, acicular or squamosa Each spicule rests 
on an epidermic papilla and is formed by a single matrix cell. 

The head is more or less cylindrical, consisting of a short down- 
wardly curved snout with the mouth at its extremity. On either 
side of the mouth is a somewhat angular labial palp. A narrow 
furrow separates the head from the foot. The latter forms a 
ventral creeping surface, extending the whole length of the body 
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from head to anus The breadth of the foot is inversely pro- 
portional to the width of the lower edge of the mantle it is broad 
in most of the PoIvpUcophora but nanow in the Cry ptopl acid le. 

Extendmc; all round the foot letween it and the mantle on the 
ventral side is the pallial g^oo^e m whi(,h lie the gills In the 
more pnmitue Chitons mucous thickenings extend into the groove, 




ur the iBtenl portion of the palllAl teguments of CkHan. I, tegmentum \ 
II. uticotBinentuin ; 111, ultisl cpilhelium under the eheU : rv, epithelium of tlis mugin of 
the QiaDtle: V, snicula: Vl, cuticJe of the iiiantle-tnarKin ; Via, berloMncum ; VII, inega]- 
lesthetes ; VIII, micnUKthetca. (After BlumrlcS.) 

reaching from the anus to its upper coruer, or to the foot, or even 
to the inner wall of the mantle. 



II, Anatomy. 

1. The Alimeniary Canal extends from one extremity of the body 
to the other. The mouth leads into the buccal cavity, on the ventral 
wall of which opens the radular caecum. The radula is long and 
reaches nearly as far back as the stomach. Each radular row 
includes seventeen teeth of various shape (Figs. 2, A ; 74, E). The 
three central teeth are simple : on each side of them is a large 
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recurved thick and dark lateral tooth. Externally are six polygonal 
marginal teeth : of these the third differs from the rest, being more 
or less narrow, elongated, an'd curved, and sometimes its concave 
edge is ciliated {Trachydemwr^. 
The fore part of the radula rests 
upon a cartilaginous mass, 
moved by a great many mus- 
cular bundles. 

Two pairs of glands open 
into the buccal cavity. The 
true salivary glands lie at the 
aides, well forward, but behind 
the cerebral commissure ; they 
are slightly branched, but rather 
short, and have a very short 
duct. On the ventral wall, 
under the eubradular organ, lie 
two very small mucous glands 
close to one another and to the 
P,n_ ^5 middle line. On either side, at 

B.™d.Ko« ««.«„., aor^i vi™ of. fe,mie, ^^^ Poin* ^^ere the pharynx 

withont the shell.plaMB. I, llrat "intereeginen- passes into the short OCSOphagUS, 
or Ueartj'v, dorsal ri'pht mUBc'le; VI, cioraai IS the Opening Of the SUgaT 

tto^"uU.'"'""'""'' ''"■ "'"'"°' ""'^" "' gland— a large glandular pouch 
with a papillose internal surface. 
The large and thin-walled stomach is surrounded by the liver mass. 
The two liver lobes are symmetrical in young Chitons, but become 
asymmetrical in the adult, the right lobe being the smaller, and 




tVralopfoi larvafftrriai 
VIH, foot; IX, m 




11, gills : 



anterior, They open into the stomach either by two distinct orifices 
(Chiton acidealus), or by two orifices in a single duct {Lepidopleurus), 
or by a single aperture (3anlei/a). The intestine is very long, as 
is usual in phytophagous animals, and is thrown into numerous 
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^^oils. The anus opens at the posterior extremity of the body, 

V^etween the mantle and the foot (Fig. 28, a). 

2. Circulaiion and Eespiration. — The heart, enclosed in a large 

X>ericardium, occupies the postero- dorsal region of the body. It 
consists of a median elongated ventricle and two elongated 
Symmetrical auricles. The openings of the auricles into the 
ventricle are subject to some variation. In the Lepidopleuridae, 
the Mopalidae, and Tonicella, Trachydermon, Boreochiton, etc., among 
the Ischnochitonidae, the auriculo- ventricular aperture on either 
side is single and anterior (Fig. 27) ; in the Acanthochitonidae, the 
Cry3)toplacidae, and the Ghitonidae generally there are two apertures 
on either side (Figs. 4 and 26) ; in Chiton squamoms there are three, 
and in Chiton goodalli four. The auricles are united to one another 
posteriorly, but there is never a posterior median auriculo-ventricular 
opening. The posterior auriculo-ventricular orifices are frequently 
asymmetrical. A single anterior aorta rises from the ventricle 
anteriorly and carries the blood to the various organs and inter- 
visceral blood-spaces. The venous blood from the different parts of 
the body is conducted back to a large sinus on either side near to 
the line of union of the mantle with the body. Closely connected 
with this same line of union on either side is a row of gills, situated 
between the foot and the mantle. The number of pairs of gills 
varies from four in Lepidopleurus pagenstecheri to eighty in Acantho- 
pleura spiniger, but a careful 
comparison shows that the 
number of gills in the right 
hand row does not always 
correspond with that in the 
left. 

The gill -rows may be 
either of the holobranchial 
type, in which case they ex- 
tend over the whole length 
of the body, or of the mero- ^^°* ^"* 

branchial type, in which they ven?n^l? co™S»t,o^ nn^,tciJ| mf S^i 

are confined to a more or auricle ; IV and V, afferent vessels ; VI, mantle ; 6, 7, 
, •,. •. J i. ii 8. indicate the position of the sixth, seventh, and 

less limited space at the pos- eighth sheii-piates. 
terior end of the body (Fig. 

28). But these two types are connected by transitional forms, and 
they are not, generally speaking, characteristic of natural groups, nor 
are they determined by the greater or less size of the species. The 
genera with few gills are naturally merobranchial, and in the Lepido- 
pleuridae these organs are confined to the region covered by the 
two last shell -valves. The gills are inserted at the bottom of the 
pallial groove. The largest gill, which is also the last one in those 
forms in which no adanal gills are present, is always the first 
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behind the renal opeDing : it is the first to he formed and is the 
starting-point from which the rest of the gills are added either 
forwards or both forwards and backwards. Occasionally individual 
gills may be bifurcated or trifnrcated. Each gill has the typical 
ctenidial structure, consisting of an axis bearing an anterior and a 
posterior row of gill-lamellae or filaments. The blood from the 
above-mentioned longitudinal vessel is distributed to each gill by 
an afferent vessel running along the internal or [>edal margin of the 
axis, and, after being oxygenated in the lamellae, is carried back by 
an efferent vessel running along the external or pallial edge of the 
axis to another longitudinal vessel which conducts it back to the 
corresponding auricle. 

3. Excreiory Orgam. — There are two symmetrical kidneys, whose 
relations were first discovered by Sedgwick. Each of them con- 




sists of an elongated renal canal, situated on the lateral side of the 
visceral mass, and once folded on itself, so that its two ends are 
posterior. The internal or dorsal end opens into the pericardial 
cavity, through a ciliated aperture or funnel The external or 
ventral end opens to the exterior, between two of the gills at the 
hinder part of the body. The renal canal is dilated immediately 
behind its external opening. It is excretory throughout its length, 
and the excretory surface is increased by numerous small much- 
branched caeca which lie close to the body-wall laterally and 
ventrally and open into the canal (Fig. 29). 

Various kinds of kidneys are to be found (Plate). They 
generally extend more or less forwards, and their extension is 
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geDerally correlated with that of the branchial row. The two 
branches of the renal canal may be fused together from before 
"Viackwarda until, as in Callulochiton and N-ailahchilon, the kidney 
has the form of a simple sac with more or less numerous 
arborescent appendages, and the pericardial and external apertures 
adjacent to one another at its hinder end, A similar form of 
specialisation may be seen in the kidneys of Lamellibranchs. The 
iGoaJ canal may be complicated by the addition of two accessory 




ireDHl part; IV, reno-perJCAidiaL oriltce; V, posterior polnfcof the 
-u— rjruiiainuer^ n, mwrjial reniL pore ; VII, urinary ehamber; VIII, poalwo-Miterlor (or 
WkOpOTtion of the Hldney; IX, anleto-posterior (or ttnniMl) portion of tJie kidney ; X, 
WenafninlUcationB of the Biit«ro-pfl9t«rior portion of tlie kidnty ; ^i, lelt outer limit of II J ; 



loagitudinal branches, an anterior larger and a posterior smaller, 
which lie in the foot near the middle of the body. 

4. Nerv&us System and Seiise-orga^is.— There is no concentration 
oi nerve-ganglion cells to form distinct ganglia, but the lai^er nerve- 
cords are ganglionic throughout their extent. There are two 
piira of longitudinal nerve-cords, united in front of the buccal 
mass by a supra -oesophageal or cerebral commissure. Ganglionic 
enlargements on this commissure are found only in Callodiiton 

rfWMW. 
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The two ventraL or pedal cords are united beneath the digestive 
tract by numerous trans^'erse anastomoses. The two lateral or 




pallial cords are united posteriorly, 
dorsad of the anus, by a thick supra- 
rectal commissure (Fig- 31, VIII). 

The cerebral commissure inner- 
vates the palps, the lips, and the 
muscles of the buccal bulb. Below 
the buccal bulb it is prolonged into 
an anterior labial commissure, which 
in turn gives rise to a stomato-gastric 
commissure : the last-named ia to 
some extent ganglionic and h&s two 
branches, which unite with those of 
the opposite side on the upper and 
under side of the pharynx, and also 
Ventr.i«pectof^™«ift<yi™™i^m>. ^"^h the infra- oesophageal subrad- 
1. msntie; II, mouth; III, toot; IV, ular commissure. The subradular 

gills; V.BDua; VI, rtftht renal pore ; Til, . ,. ■ j i- 

rifht geniui pore (ftiase two norei are commiasure supplies a pair oi ganglia 

b^Ur Been on tlie lert-hand Bide of the ^jjjjpj^ j^j.^ \-^ closo connection With 

a peculiar sense-organ lying on the 
floor of the mouth, in front of the radula. The labial and sub- 
radular commissures, together with the subradular organ, correspond 
to the homonomous parts in the Scaphoda and Cephalopoda. 
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The two great ventral or pedal cords give rise to the pedal 
nerves. The two great lateral or pallial cords chiefly send nervea 
to the mantle and the gills, and thus correspond to the whole of the 
pleural ganglia and the pallial 
nerves of the other Mollusca; 
a great part of the viscera 
(genital glands, kidneys, and 
heart) also receives nerves from 
these pallial cords. 

The little difl'erentiated 
head region bears no special 
sense -oigan, except that the 
outer edges of the snout taper 
to form the labial palps. The 
lower wall of the buccal cavity 
is furnished with cyathiform 
gustatory bodies, whose nerves 
arise from the cerebral commis- 




upper buccal 

e ; V, sabradular gmg1i& an<i coit 
'l, snwtior (iifger) i«dal commii 
, ptdal cordf with pallio.pedi 
— ■ "III, Bopra-ieelil palllcil con 
(laUial cord \ X, pedal sjiai 
. (tomato -gastric ganglia an 
srves ; Xlf , maophageai oervee 




3III, cerebml oominlesiire. 



flaripkmtila tE^mpsani, vent 
neatly natural size, o, aoiu ; 
=fmii ; g, gills {between the f 
gills is the oblong toot); m. ii 

af the inaii'tle. (Afler Plate.) 






sure ; and, in front of the radula, there is the above-named " sub- 
radular organ," an epithelial projection, with nervous endings, lying 
on the two small subradular ganglia, and probably gustatory in 
function (Fig. 31, V). 



so 
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One osphradium ia generally present on each side of the internal 
wall of the mantle, near the aniiB, more or leas close to the last 
gill. In the Lepidopleuridae there are branchial sense -ot^ans, 
related to {tccessory ganglia on the nerve of each gill (Burne). In 
Placipfu/rella the lower free margin of the mantle bears, in its 
anterior part, several long and thin appendages, which must be 
considered as sensory tentacles (Fig. 32). 

SlieUrEyes. — ^The tegmentum of the shell-valves is traversed by 
peculiar pallial sense-organs in the form of epithelial papillae, 
containing nerve-endings covered with a cuticular hood. These 
organs are innervated from the pallial cords. According to their 
size, they are termed megalaesthetes or micraesthetea (Moseley). 
In various species of Chitonidae {and specially in exotic littoral 
forms of the sub - families Toniciinae and Liolophurinae), the 
megalaesthetes are converted into eyes, in which retina and pig- 
ment are always present. These eyes are frequently many 
thousands in number, and are most numerous on the anterior 
valve (Fig. 23, I). There are two kinds of such eyes : (1) Extra- 
pigmental eyes, with pigment in the tegmentum only, generally 
without a crystalline lens (except 
Schizochiton incisus) ; (2) intra- 
pigmental eyes, with pigment in 
the body of the aesthete, and 
always with a crystalline lens. 
The eyes are arranged in rows 
running diagonally from the 
median anterior beak of the valve 
to its external borders. There 
may be only one such row on 
either side, as in Schizochiton, or 
many such rows, as in Tonida; 
and in Acantluiplewa, in addition 
to the several diagonal rows, 
there are rows of eyes along the 
posterior margin of the valve, but 
these are not present in yoimg 
specimens. In Tonida the first 
pair of eyes is developed, at the 
close of larval life, on the second 
shell- valve. These organs are 
sensitive to disturbances in the 
water, and do not exist when 
the mucous projections of the mantle, referred to above, are 
present. Even those species of Chitons that are devoid of 
eyes are affected by light and shade : some littoral species, 
such as Boreochiton, cinereus, do not move far from the light. 
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while others, such as hchiiochiton magdakmnsis, are nocturnal in 
habit 

5, Beprodiidive Organs. — All the Polyplacophora are uniaexual. 
The gonads are paired and symmetrical in NullalMhiion kyaded, but 
in all other species the gonad is single and median. It lies on tb& 
doraal side of the body, between the aorta and intestine, and 
extends from the anterior end to the pericardium (Fig. 25, II). 
It is transversely wrinkled, and the ovary is frequently of a greenish, 
the testis of a red colour {Chiton polii, BoreochUon cinerem, etc). lit 
most species the ova are enclosed in a cellular follicle. 

The paired genital ducts arise from near the posterior end of 
the gonad on the dorsal surface. Kach duct is twice bent on itself, 
being directed first forwards, then backwards, and finally transversely 
toward the external opening. As a rule the gonaduct runs dorsad 
of the pallial n6rve^ord, and its external opening is external to the- 
cord, but in Boreochiton rwier, £. maniunens, and Kalkarina it runs 
under the cord and opens internally to it. In the female the 
oviduct has a thick glandular investment (Fig. 25, III). The genital 
aperture is situated in front of the renal aperture, between two of 
the posterior gills. There may be from one (BmeocJiUon, Lepido- 
jdeurus, etc.) to nine {Cryptcq^ax larvaeformis : Fig. 26) gills between. 
the genital and the renaj apertures. 

III. Embryology. 

The eggs may be laid separately, in which case they are invested 
by a chitinous envelope fre- 
quently provided with spinous 
appendages ; or, as in Iscknochiimi 
magdalenensis, they may be laid 
in strings containing nearly 
200,000 egga (Fig. 34). These 
strings are not attached, and 
readily break into fragments. 
In many cases the ova are re- 
tfuned in the branchial furrow 
of the mother and undergo their 
development there {Ghiton polii) : 
in HtmiaTthnim setvlomm the 
embryos are protected in this 
manner until the eighth shell- 
valve is formed. In Callistockitcm, 
viviparws the ova are developed 
in the oviduct of the mother, and 
there is no larval stage. 




ntf Afte HMth.) 



The segmentation is total and, in the early stages, regi 
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A gastrula is formed by invagination of the endodermic macromeres 
(Fig. 10, A). The orifice of invagination or .blastopore is placed 
on the vegetative pole of the ovum, and does not close, but is 
gradually shifted towards the anterior end of the embryo. By the 
development of a ciliated ring or velum, in the centre of which 
there is an apical tuft of cilia, the embryo becomes a trochosphere 
larva (Fig. 14, A). The mesoderm arises from two endodermic 
"Cells, originally situated at the hinder side of the blastopore : they 
give origin to two bands of cells which extend right and left between 
the enteron and the ectoderm. In each band a cavity appears 
which becomes half of the coelom. The ectoderm around the 
blastopore is invaginated to form the oesophagus, a diverticulum 
of which becomes the radular caecum. At a late stage of develop- - 
ment the intestine is placed in communication with the exterior " 
by an anal invagination or proctodaeum. Anteriorly on the ventral ^ 
or pedal surface a second ectodermic invagination forms the great w: 
pedal mucous gland, which is more or less atrophied at a later — 
period. The gills appear as papillae much later than the anal J 
invagination, the posterior one the first. The gonads originate by " 
proliferation of the anterior wall of the pericardium. 

The four great nerve-cords originate as four longitudinal and 1 

parallel ventral thickenings of the interior surface of the ectoderm, 
the two thickenings on each side of the body being closely approxi — 
mated to one another at the time of their first appearance. Alv 
the extreme anterior end of each lateral or pallial cord and behind- 
the velum is an eye, containing a closed cavity, or forming a-- 
simple epithelial ocellus. This eye disappears at a later stage, but 
in some species persists for a considerable length of time. 

The shell-valves are formed as transverse thickenings of the 
dorsal cuticle behind the velum, the tegmentum being the first 
part of each valve to be laid down. The eight valves generally 
make their appearance simultaneously {Chiton olivaceiis, Ischnochiton 
Tnagdalenensis), but sometimes the eighth valve is formed later than 
the others (Chiton polii), 

IV. Bionomics and Distribution. 

The Polyplacophora are marine animals of sluggish habit, 
creeping slowly and for no great distance. They are generally 
herbivorous, and the majority of species live in the littoral zone, on 
rocks or under stones, but some inhabit the deeper regions of the 
sea, extending to a depth of more than 2100 fathoms (some 
Lepidopleurus, etc.). They can easily be kept in aquaria. Poly- 
placophora are distributed in all oceans and seas ; more than three 
hundred living species have been recorded. They are fossil from 
the Ordovician. 
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AJ^. Systematic Review of the Sub-Orders and Families of 

THE POLYPLACOPHORA. 

Sub-Order 1. Eoplacophora, Pilsbry. 

Tegmentum coextensive with articulamentum, or the latter projecting 
in smooth, unslit plates. 

Family 1. Lepidoplburidae, Pilsbry. Articulamentum without 

insertion plates or with unslit plates ; terminal margins of end valve& 

xiever elevated ; form oval or oblong. Genera — Lepidopleurus, Risso 

(^ = Leptochiton, Gray) (Fig. 28, A). Without insertion plates, sutural 

laminae small ; girdle minutely scaly or chaffy. L. canceUatus^ Sow. 

^orth Atlantic and Mediterranean ; various abyssal species. Hanleya, Gray. 

The anterior valve with an unslit insertion plate. H. hanleyi, Bean. North 

Atlantic. Hemiarthrum, Carpenter. Both anterior and posterior valve& 

with smooth, unslit insertion plates ; girdle downy. Microplax, Adams 

and Angas. 

To this group belongs the extinct family of GRYPTOCHiroNiDAEy 
Pilsbry, together with various narrow and elongated Palaeozoic genera, 
whose one or two end valves have the terminal margins elevated. 

Sub-Order 2. Mesoplacophora, Pilsbry. 

Insertion plates well developed and slit. 

Family 2. Ischnochitonidae, Dall. All the valves with slits, and 
the inner layer well covered by the outer. Sub-Family 1. Ischno- 
CHiTONiNAE. No shell-eyes ; sutural laminae separated ; the slits in the 
valves 1 to 7 do not correspond with the ribs of the tegmentum. 
Gtenera — Ischnochiton, Gray. Smooth girdle. Trachydermon, Carpenter 
(with the sub-genera : Tonicella, Carpenter, and Boreochiton, Sars). Girdle, 
with small squamous spicula. T. dnereus, Linnaeus (Fig. 28, B) ( = T. 
marginaius^ Pennant). North Atlantic. Chaetopleuray Shuttle worth. 
Hairy girdle. StenopldXyC&rpenteT. iSteworcwfom, Carpenter. Sub-Family 2. 
Callochitoninae. With shell-eyes and united sutural laminae. Genus — 
Gallochiton, Gray. G, laevis, Pennant. North Atlantic and Mediterranean. 
Sub- Family 3. Callistoplacinae. No shell- eyes ; the slits in the 
valves 1 to 7 corresponding with the ribs of the tegmentum. Genera — 
Gallistochiton, Carpenter (viviparous). Nuttalochiton, Plate. 

Family 3. Mopaliidae, Dall. Each intermediate valve with a 
single slit ; girdle hairy. Genera — Mopalia, Gray. Placiphorella, 
Carpenter (Fig. 32). Plaxiphora, Gray. Placophoropsis, Pilsbry. 

Family 4. Acanthochitonidae, Pilsbry. Valves immersed in the 
girdle, and with small tegmentum. Genera — Acanthochiton, Leach 
{ = Gryptoconchus, Guilding). Girdle with bundles of spicula. A. fasdcu- 
lariSf L. North Atlantic and Mediterranean. Spongiochiton, Carpenter. 
Katharina, Gray. Amicula, Gray. Cryptochiton, Middendorf. Valves 
quite concealed ; no tegmentum. G. stelleri, Middendorf. Arctic. 

Family 5. Cryptoplacidab, Dall. Vermiform, with thick girdle 
and small valves ; insertion and sutural plates strongly drawn forward, 
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sharp and smooth. Genera — Gryptopldx, Blainville ( = Ghitonellus, Lam.). 
Girdle without pores. (7. larvaeformis, Blainville (Fig. 26). Eastern 
Archipelago. Choneplax, Carpenter. Girdle, with hair bundles within 
pores. G. strigatus, Sow. 

Sub-Order 3. Tbleoplacophora, Pilsbry. 

AU the valves, or at least the seven anterior, with insertion plates 
•cut into teeth by slits. 

Family 6. Chitonidae, Guilding. Characters of the Sub-Order. 
Sub-Family 1. Chitoninae. No extra-pigmental eyes ; insertion plates 
with pectinations between the fissures. Genera — Ghiton, L. Squamous 
girdle. Eudoosochiton, Shuttleworth. Shaggy girdle. Trachyodon, DalL 
Radsia, Gray. Sub-Family 2. Toniciinae. Extra-pigmentar shell eyes. 
<Jenera — Tonida, Gray. Girdle smooth or shaggy (Fig. 23). T, elegans, 
Frembly. Acanthopleura, Gould. Enoplochiton, Gray. Squamous girdle. 
E. niger, Barnes. Onithochiton^ Gray. Schizochiton, Gray. Spinous girdle ; 
posterior valve notched. S. indsuSy Sow. (Fig. 28, C). LoricOy Adams. 
Loricella, Pilsbry. Liolophura, Pilsbry. 

Order 2. Aplacophora, von Jhering 

{ = Solenogastres, Gegenbaur = Telobranchia, Koren and Danielssen 

= Scolecomorpha, Lankester). 

Our knowledge of the Aplacophora begins with Loven, who in 
1841 described the genus Chaetoderma, and with Michael Sars, who 
mentions Neomenia in 1868, under the name Solenqpus, but without 
•description. Cliaetoderma was for a long time believed to be a 
Gephyrean worm ; and Neomenia was at first included among the 
Opisthobranchiate Gastropoda in a new Order, Telobranchia, by 
Koren and Danielssen. 

Von Jhering was the first to point out the affinities of these 
two remarkable organisms with the Chitones, and to unite them in 
the new phylum Amphineura (1876) ; but he classed this phylum 
with the Vermes. Gegenbaur also classed the two genera ChaeUh 
derma and Neomenia as worms under the name Solenogastres, But 
Hubrecht demonstrated the moUuscan nature of the new genus Pro- 
neomenia, and its relationship to the Chitones. Lankester supported 
this view, and was followed by nearly all contemporary zoologists. 
It is generally believed that the Aplacophora are degenerate forms 
of Amphineura, derived from a chitonoid ancestor. 

Definition, — The chief characteristics differentiating the Apla- 
cophora from the Polyplacophora are the following: (1) they ar© 
worm-like in shape ; (2) the body is completely invested by th© 
mantle ; (3) the mantle is devoid of a shell, but bears numerous 
calcified spicula over its whole surface ; (4) the digestive tract is 
straight. 
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&enertd Description. — The mantle covers the whole body, 
and is clothed by a rather thick cuticle, in which are implanted 
spicula (Fig. 35) developed from the tegumentary epithelium. The 
foot is nearly aborted or wanting. The nervous system consists of 
four great longitudinal trunks, with pedal and pedo-pallial anasto- 
moses. The digestive tract is straight, the Aplacophora being carni- 
vorons. The blood is red. The gonads are in open continuity vrith 
the fore part of the pericardium. The coelomo-ducta, corresponding 
to the renal sacs of the Polyplacophora, are gonaducts, and open 
externally into a posterior cloacal chamber, which serves as a 
rudimentary branchial cavity. There are two groups of Aplaco- 
phora : the Neomeniomorpha and the Cbaetodermomorpha. 




(Pnvol): D, Proxuimenia; S,i 
i(WtreD). U, Id tflTDBl cavity. 
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Sub-Order l. Neoheniohorfha. 

Aplacophora with a distinct longitudinal ventral groove ; bi- 
sexual, with paired genital glands and without differentiated liver. 

L External Characters. 

The mantle extends over the sides of the body so as to cover 
Ae greater part of the ventral surface, leaving only a narrow 
nudiau longitudinal furrow uncovered. The pallial cuticle, which 
ia very thick in some species, contains a number of long, hollow, 
calcified, acieular, or flattened spicules (Fig. 35) borne on epithelial 
papillae. In some cases, when it is very thick, the cuticle also 
includes sensory papillae. A small longitudinal projection in the 
ventral furrow is the vestige of the foot. The antero-ventral region 
of the body is occupied by a large mucous gland, whose secretion is 
poured into a ciliated pit in the anterior part of the ventral fiirrow, 
the whole structure corresponding to the embryonic pedal gland of 
some Chitones. Smaller mucous glands are also found along the 
psdal projection. Posteriorly there is a terminal cloacal or branchial 
cavity, into which opens a thick mucous gland, situated between 
the foot and anus. 
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11. Anatomy. 

Digestive Tract, — The mouth is anterior and ventral, and is 
frequently surrounded by papillae, probably sensory in function. 
It opens into a muscular and sometimes protractile pharynx lined 
by a thick cuticle. The salivary glands and radular sac open into 
the pharynx. The radula (Fig. 36), when present, comprises several 
rows of teeth, and may be (1) polystichous, with a continuous line 
of teeth in each row (Froneomenia and Macellomenia), in which case 
a basal membrane may be present, forming a true continuous 
polyserial radula {Froneomenia acuminata, P. sluiteri, F. gerlachei), or 
absent, forming a discontinuous polyserial radula (P. vagans) ; (2) 
distichous, with two separate teeth {Paramenia, Fararhopalia, Ismenia, 
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Fio. 36. 

Radula (transverse rows) of various Neo- 
lueniomorpha. A^ Proneomenia (Hubrecht) ; 

C. Bt Lepidomenia (Kowalewsky and Marion) ; 

MuUla>|/| C, MaceUomenia (Pruvot); D, Arnphimenia 

C<— -J (Thiele) ; E, Stylomenia (Pruvot). 

Lepidomenia, Binomenia) ; (3) monostichous, with a single tooth 
{Stylomenia, Dondersia, Amphimenia, Froparamenia). The radula is 
entirely absent in the Neomeniidae, in Bhopalomenia, Frmotia, 
Strophomenia, and Notomenia. 

The salivary glands form a symmetrical pair, lying on the 
ventral side, and opening on a subradular prominence ; their ducts 
sometimes unite before opening into the pharynx. They correspond 
to the subradular glands of the Polyplacophora and the posterior 
salivary glands of the Cephalopoda. In some forms there is a 
second pair of salivary glands, dorsal or dorso-lateral in position, 
opening by a single duct into the mid-pharynx {Paramenia, some 
species of Proneomenia: Fig. 37, gl.s.d). Several genera, among 
them Neomenia, are devoid of salivary glands. The oesophagus is 
generally short, and leads into a cylindrical and rectilinear stomach, 
which frequently sends forward a caecum dorsad of the oesophagus, 
and is provided with symmetrical lateral caeca, giving to the organ 
the appearance of regular segmentation. The whole surface of the 
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stomach ia lined by a secretory, or so-called hepatic epithelium, 
and its dorsal wall is ciliated. Hie intestitie is straight and short, 
with thin walls lined by a ciliated epithelium. The anus opens 
into the branchial or cloacal chamber, together with the kidneys 
and sometimes the anal mucous gland (Fig. 38). 

Gircdaimf System. — There are no true blood-vessels with 
definite walls, but there are two well-marked blood-spaees — a 
ventral sinus between the foot and digestive tract, and a dorsal 
tubular sinus or aorta whose hinder part forms a contractile heart. 
The heart is enclosed in the pericardium and is fastened to its 
dorsal wall, except in Neonwnia, where it is free. The blood is red 
owing to the presence of haemoglobin in the rounded or ovate 
blood-corpuscles. 

In the Neomeuiidae and most of the Parameniidae there is a 




more or less extensive circlet of gills on the inner walls of the 
cloacal chamber. These gills are epithelial folds or laminae, whose 
cavities communicate freely with the haemocoele and the above- 
mentioned sinuses. In the species in which no gills are present 
the venous blood of the ventral sinus is oxygenated through the 
epithelium of the inner wall of the cloacal chamber and the surface 
of the foot. Where gills are present the blood passes into them 
and ia returned to the heart by two auricular ducts in Neomenia. 

Excretory Organs. — The pericardium occupies the posterior 
region of the body dorsad of the rectum. The dorsal and lateral 
parte of its inner wall are ciliated, and its cavity communicates 
with the exterior by means of a pair of renal duets, which open 
into the cloacal chamber below the anus. In Sh-ophometiia the renal 
orifices are adjacent, but separate from one another as in Chaetoderma, 
bat in all other Neomeniomorpha the renal ducts open into the 
cloaca by a common aperture (Fig. 30, C). As in the Polyplaco- 
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phora, the renal tubes are first directed forwards and then turn 
sharply backwards to run parallel to their former course. But the 
kidneys of Neomeniomorpha are very different both in structure and 
conformation from those of the Polyplacophora ; they serve also as 
efferent ducts for the genital products, and their inner walls — 
particularly the conjoined terminal pouch — are very glandular, and 
form an organ which secretes the egg-shell. Moreover (except in 
Lepidomenia, in which they are very simple) they bear one or two 
pairs of caecal appendages on the proximal part of their course, 
the caeca nearer to the pericardium ser^'ing as sperm reservoirs. 

Nervous System. — On the dorsal side, and in front of the buccal 
bulb, there is a large supra-oesophageal nerve-mass, formed by two 
conjoined ganglia, and often provided with accessory lobes. Two 
ganglionated nerve -trunks are given off from each side of this 




Fio. 88. 

Proneomenia gerlachei, right half of the posterior 'part of the body, left-side view, ca.g.co, 
common median cavity of the two shell-glands ; cl, cloaca ; com.lt supra-rectal pallial com- 
missure ; com.p, the most posterior pedal commissure ; cu, cuticula ; du.gr, opening of the gonad 
in the pericardium ; gl.eo^ shell-gland of the left kidney ; gl.g, left gonad ; in, intestine ; o.d^ 
dorsal sense-organ ; 0.9, common opening of the two reno-genital duct4s ; p, foot ; joer, peri- 
cardium ; r, left kidney ; re, rectum ; ven, ventricle of heart ; ve.8, seminal vesicle : * anterior 
limit of the junction of the two shell-glands. 

cerebral ganglion ; that on the dorsal side being the pleural, that 
on the ventral side the pedal cord. The two cords may originate 
separately from the cerebral ganglion, or may be fused at their 
origin and diverge after entering a pleural ganglion (Neomenia). 
They correspond to the homonomous cords in the Polyplacophora. 
The pedal cords enlarge to form a pair of pedal ganglia, united by 
a thick pedal commissure, and are continued posteriorly as two 
regularly varicose trunks united by transverse anastomoses. The 
two pallial cords are joined together posteriorly by a supra-rectal 
commissure, which is double in Proneomenia sluiteriy but absent in 
Dinomenia verrucosa and Ehopalomenia indica. An ovoid ganglion is 
generally borne on the supra-rectal commissure. The pallial cord 
of either side is united to the corresponding pedal cord by more or 
less numerous anastomoses. In some forms, e.g. Paramenia, the 
pedal cords are united to the pallial some way in front of the supra- 
rectal commissure. A small anterior infra-oesophageal or stomato- 
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gaatric commiBSure is given off from the cerebral mass, and enters 
a pair of small ganglia situated in the median line between the 
oesophagus and the radular sac ; moreover, the two same upper 
buccal and subradular commiBsures as in the Chitones are present, 
at least in Prone&menia and Rlwpalomeiua (Heath). 

The only organs of special sense are the club-shaped epithelial 
papillae in the thickened cuticule of the Proneomeniidae, Neomenia, 
and the following Parameniidae, Diiwmenia, Proparammia, and 
Paramenia. There is alao a median invaginable sensoi7 papilla 
situated on the dorsal posterior surface, above the rectum. It is 
not covered by the cuticle, and may be multiple, as in Donderm, 
or absent, as in Ilemimenia and perhaps SSroplwmenia. 

Generative Organs. — The Neomeniomorpha are hermaphrodite. 
The gonads are paired tubular structures, separately opening 
posteriorly into the pericardium (Fig. 30, C) and extending forward 
close under the dorsal sinus to near the front end of the body. The 
ova are developed on the median, the spermatozoa on the outer 
wall of each gonad. The sexual products pass into the pericardium, 
whence they are driven by the pericardial cilia into the kidneys, 
which, as has been explained above, serve as gonaducte and are 
provided with receptacula seminis and shell-glands. In several 
species paired excitatory organs, in the form of protrusible cal- 
careous spicules, are situated in the cloacal chamber on either 
side of the uro-genital orifice. 



III. Embryology. 

Little is known of the development of the group. The ova are 
liid separately. In Myzomema hanyuUtim (Pruvot) 
the segmentation is regular, and an invaginate 
gastrula with an originally posterior blastopore is 
formed. An anterior ciliated ring or velum is 
tomied, having in its middle a tuft of cilia, which 
is eventually transformed into a single terminal 
Bigellum (Fig. 17). The external surface of the 
trochophore larva thus formed is made up of a 
numher of ciliated test-cells, which — as in the 
Umellibranchiate FoMia— eventually are cast off 
wd the mantle is formed beneath. The post- 

, ... , , r . An advjnced l«rv« 

velar region of the embryo elongates, and its of m^omt^vL baiiy^- 

ectoderm cells develop spicules. FinaUy, the ^^aftlr^ tho'^^MBt 

Tftlnin disappears, and seven imbricated calcar- Ji^J^'^'l" ""• '•^^' 
sous plates, made up of more or less flattened, 

dosely - apposed spicules, are formed on the dorsal surface 




(Fig. 39). 
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IV. Bionomics. 

The Neomeniomorpha are marine animals, living in depths of 
from 15 to 800 fathoms, but are most abundant in 50 fathoms. 
They inhabit oozy bottoms, and are found crawling on corals and 
hydroid zoophytes, on which they feed. They have been found 
in nearly all seas except the S.E. and N.W. Pacific and the 
S. Atlantic. The British genera are Neomenia, Ehopalomenia, and 
Myzommia, About forty species, included in twenty genera, have 
been recorded up to the present time. 

V. Systematic Eeview of the Neomeniomorpha. 

Family 1. Lbpidomenhdae, Pruvot. Slender, tapering behind, 
with subventral cloacal orifice ; thin cuticle without papillae ; flattened 
spicules ; no gills. Genera — Lepidomenia, Kowalewsky and Marion. 




Fig. 40. 
Froneomenia gerkKhei, left-side view, h, mouth ; cl, cloaca ; 5i, foot-groove ; t, head. 

IsTTienia, Pruvot. Ichthyodes, Pruvot Stylomenia, Pruvot. Dondersiu, 

Hubrecht. Nematomenia, Simroth. Myzomeniay Simroth. M. hanyiUensis, 

Pruvot. Mediterranean and Plymouth. 

Family 2. Nbomeniidae, von Jhering. Short, trun- 
cated in front and behind ; cloacal orifice transverse ; 
gills present ; rather thin cuticle ; no radula. Genera — 
Neomenia^ TuUberg. N. carinata, TuUberg. North 
Atlantic, N. and N.W. Scotland. Hemimenia, Nierstrasz. 
Family 3. Proneomeniidae, Pruvot, Elongated, 
cylindrical, rounded at both ends ; thick cuticle with 
acicular spicules ; radula polystichous or wanting. 
Genera — Proneomenia, Hubrecht (Fig. 40). Amphi- 
menia^ Thiele. Echinomenia, Simroth. Rhopalome^iia, 
Simroth. E. aglaopheniae. Mediterranean and Ply- 
mouth. Notomenia, Thiele. Pruvotia^ Thiele. Stropho- 
menia, Pruvot. 

Family 4. Parameniidae, Pruvot. Short, and 

f<wt-groom^^*^ ' ^' truncated in front ; thick cuticle (often without papillae) ; 

gills and radula present. Genera — Paramenia, Pruvot 

(Fig. 41). Macellomenia, Simroth. Pararhopalia, Simroth. Dino- 

menia, Nierstrasz. Gyclomenia, Nierstrasz. Proparamenia, Nierstrasz, 

Uncimenia, Nierstrasz. Kruppomenia, Nierstrasz. 




Fig. 41. 

Paramenia cryo 
phila, ventral as 
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Sub-Order 2. Chaetodermomorpha. 

Aplacophora without distinct longitudinal ventral (or pedal) 
groove, with unpaired unisexual gonad, with differentiated liver, 
and with posterior cloacal chamber provided with two bipectinate 
gills. 

Anatomy, — The mantle covers the whole surface of the body, 
which is therefore cylindrical and vermiform in appearance. The 
hinder half of the body is a little stouter than the anterior ; the 
posterior extremity swollen and bell-shaped, forming the widely 
cloacal chamber. The whole body has a uniform covering of short, 
compressed, calcareous spicules implanted in the cuticula. 

The mouth is anterior, terminal, and crescentic, owing to the 
presence of a rounded ventral shield. Chaetoderma radulifera alone 
is provided with mandibles. The buccal cavity, whose anterior part 
is partially protrusible, bears on its floor a very peculiar radula, 
which may consist of (a) a single large tooth (Fig. 43, C), upon which 
two small teeth are placed (C. nitidulum and C, jprodudum) ; {h) a 
single large tooth, upon which 
is a row of teeth (0. guttu- 
rosum; (c) no large tooth, 
several rows of three teeth one 
behind the other (C, raduli- p^^ 42 

fera)', (d) several distichous cha^todemui mmvZu.^, Loyen. The cephalic 

rows of two teeth each (C. enlargement is to the left, the cloacal or pallial 

r 77 •\ rr\ • r T Chamber (containing the conccaled pair ofctenldia) 

Cnmlengen), iWO pairs 01 sail- to the right. (From Lankester, after Graff.) 

vary glands, similar to those 

in the Neomeniomorpha, open into the buccal cavity. The diges- 
tive tract is quite straight, and narrows towards the middle of 
its course to form the intestine. Just before it narrows it receives 
the duct of a more or less extensive hepatic caecum, which extends 
backwards on the ventral side of the intestine. The hepatic caecum, 
large in most species, is feebly developed in C, challengeri. The 
anus opens in the median line in the cloacal chamber (Fig. 43, B). 

The heart is posterior and dorsal, and lies nearly free in the 
pencardial cavity. It is traversed by the retractor muscles of the 
gills. In its main features the circulatory system resembles that 
of the Neomeniomorpha. The posterior extremity of the body is 
hollowed to form a bell-shaped cloacal cavity, which has a con- 
tractile aperture and contains a pair of large branchiae placed 
symmetrically right and left of the anus. Each branchia bears a 
double row of branchial plates, as is the case in the Polyplacophora 
(Fig 43, B). 

The two renal ducts are more evidently true excretory organs 
than in the Neomenioiuorpha. They originate from the posterior 
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corners of the pericardial cavity, run forward under the floor of 
the pericardium, and then turn outwards and backwards to run 
back to their respective apertures light and left of the anus. 
Their thin walls are lined by a ciliated epithelium, and there are 
no accessory generative organs. 

In the nervous system there are two intimately fused cerebral 




Fio. 43. 

Chaetoderma nitidulum. A, median sagittal section ; B, sagittal section of the poste: 
extremity ; C, sagittal section of the anterior extremity, a, anus ; 6r, retractor muscle of 
branchiae ; eg, cerebral ganglion ; d.t, digestive tract ; g, gill ; go, gonad ; h, heart; t, intes 
kt kidney; I, liver; m, mouth; me, " mesothorax " ; p.c, paUial suprarectal commissure; 
pericardial duct ; pe, pericardium ; pe.c, pedal commissures ] pr," prothorax" ; r, radnla ; 
sublingual commissure. (After Wiren.) 



ganglia bearing accessory lobes. Each ganglion gives rise to t 
longitudinal nerve -cords, the ventral or pedal cord being m^ 
slender than the dorsal or pallial cord. In the anterior part 
their course the pedal and pallial cords of either side run para 
and adjacent to one another, but in the posterior region of 
body they are fused together, as in Paramenia, and the two pallK ^o 
pedal cords thus formed are united dorsad of the rectum hy^ '* 
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ganglionic sweUing. A smaU perirectal commissure originates 
from this swelling. The pedal cords are united with one another 
and with the pallial cords of the same side by anastomoses in the 
anterior region of the body. A small stomato-gastric commissure, 
bearing two small stomato-gastric ganglia on the middle of its 
course, arises from the cerebral ganglia and surrounds the 
oesophagus. There are no organs of special sense except a dorsal 
posterior and median pit, corresponding to the precloacal fossa of 
the Neomeniomorpha. 

The sexes are separate. The azygos gonad occupies the same 
position as the paired gonads of the Neomeniomorpha, and com- 
municates by a median aperture with the pericardial cavity. The 
generative products are conducted from the pericardium to the 
exterior by the renal ducts. The embryology of the group is quite 
unknown. 

The Chaetodermomorpha are marine animals feeding on lowly- 
organised forms of life, such as Protozoa, etc. They are found in 
oozy bottoms from a depth of 15 fathoms to abyssal regions. 
The nine recorded species of the single genus Chaetoderma come 
from the North Atlantic, North Pacific, and Arctic Oceans, the Sea 
of Marmora, the Eastern Archipelago, and the Philippine Islands. 

Family Chaetodermatidae, von Jhering. Genus — Chaetodei'maj 
Xoven. The characters are those of the sub-order. Limifossor^ Heath 

(Alaska). 

Phylogeny of the Amphineura. 

The Polyplacophora present the most archaic characters among 
the Amphineura. The Aplacophora, on the other hand, are 
specialised in the following respects ; (1) in the great reduction of 
the foot ; (2) the disappearance of the shell (Cryptoplax, among the 
Polyplacophora, shows how these two reductions may take place 
simultaneously) ; (3) the absence of the radula in several forms. 
The Chaetodermomorpha seem to be more specialised in these 
points than the Neomeniomorpha. 
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CHAPTER III 

THE GASTROPODA 

CLASS II.— GASTROPODA, Cuvier 
( = Paracephalophora, Blainville ; Anisopleura, Lankester). 

Sub-Class I. Streptoneura. 

Order 1. Aspidobranchia. 
Sub-Order 1. Docoglossa. 



>> 



2. Bhipidoglossa. 

Order 2. Pectinibranchia. 
Sub-Order 1. Taenioglossa. 



>j 



2. Stenoglossa. 

Sub-Class II. Euthyneura. 

Order I. Opisthobranchia. 

Sub-Order 1. Tectibranchia. 
„ 2. Nudibranchia. 

Order 2. Pulmonata. 

Sub-Order I. Basommatophora. 
2. Stylommatophora. 



a 



Definition. — The Gastropoda, together with the Scaphopoda and 
the Lamellibranchia, form the branch Prorhipidoglossomorpha of 
the Molhisca, that is to say, a group in which the gonads are no 
longer in direct communication with the pericardium, the foot is 
wholly posterior to the head, and a visceral commissure is present. 
The Gastropods are a class of the Prorhipidoglossomorpha specially 
characterised, firstly, by their asymmetrical organisation ; secondly, 
by their well-developed head ; and thirdly, by their shell, which is 
formed of one piece and coiled in a spiral, at least in the larval 



stage. 
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I. General Description and External Characters. 

The three external divisions of the body, head, foot, and mantle 
are well defined. The head is well developed, and forms a more or 
less cylindrical mass, but is sometimes flattened. At its anterior 
extremity is the mouth, and dorsally it bears one or two pairs of 
tentacles. There is one pair of tentacles in the Streptoneura 
(Fig. 44), the " Thecosomata " (Fig. 63), in Phyllirhoe (Fig. 161), 
Theaicera, the Proctonotidae, the Elysiidae (Fig. 170), the basom- 
matophorous Pulmonates, and Janella (Fig. 178). There are two 
pairs in the majority of Opisthobranchs (Fig. 154) and in the 
stylommatophorous Pulmonates (Fig. 172). The tentacles either 
are or bear sensory organs ; they are contractile, and in the Stylom- 
matophora invaginable. The right tentacle of both sexes bears an 
appendage in Bathysciadium (Fig. 126), certain Trochidae (Fig. 130), 
and Calyptraea, The form of the tentacles varies greatly in dilfferent 
groups. Sometimes they are atrophied, and they may even dis- 
appear without leaving a trace, as in Olivella, Homalogyra, certain 
species of Terehra, Fterotrachea (Fig. 143), lAmapontia, and Pseudo- 
vermis (Fig. 169). In the majority of the Bullidae the two pairs 
of tentacles are enlarged and transformed into a quadrangular shield 
(Fig. 148), the four corners of which correspond to the tips of the 
four tentacles. The single pair, much reduced in certain Basom- 
matophora (Amphibolidae, Otinidae, Fig. 173, Siphonariidae), 
similarly gives rise to the appearance of a flattened disc on the top 
of the head. The anterior pair of tentacles in the Pleurobranchidae 
(Fig. 157) and in various Nudibranchs (Tritoniidae, Fig. 83, Den- 
dronotidae, Tethyidae, etc.) is transformed into a more or less 
well -developed frontal veil. Finally, the tentacles are flattened 
(Narica) ; split (Pyramidellidae, Fig. 137, Solarium, the posterior 
pair in many Opisthobranchs) ; bifurcate (Janthina, certain Elysio- 
morpha); or multifid (the posterior pair in many Nudibranchs, 
Dendronotus, Ancula, Fig. 163). In some species, on either side of 
the buccal orifice, there is another pair of appendages of greater or 
less length, known as the labial palps. These are found in Trochus 
infundibulum, Ampullaria, Jeffreysia, Choristes, among the Strepto- 
neura ; and among the Euthyneura in sundry Pulmonates {Glandina, 
LiTtmaea, in which they form a sort of buccal veil. Fig. 107), and 
in Tectibranchs. In addition to the above-mentioned cephalic 
appendages of the adult, the following structures should be noted : 
the cephalic or frontal lobes, situated between the two tentacles 
and consisting of projections of various shape, in many Rhipido- 
glossa and in Fossarus ; the dorsal median crest in Olivella and 
Janus; and finally, the pseudopallium, an expansion of the 
cephalic integument surrounding the whole shell, with the excep- 
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tion of the summit of the Bpire, in ^^^ar and allied ] 
forms (Fig. 20). 

1. The Foot. — This is primitively and normally formed by a 
powerful mass of ventral muscles with a more or less elongated 




_^ , BiphoMl notch or tt 

under'Eurhcs of the mantle-skirt, fbrmlug the 
Iter, »ftec Poll.) B, sole of the foot of Een^ittus 
Tiediiin line of the foot, (From Lankeat«T, after 



ventral creeping surface (Fig, ii, B). But this primitive condition 
may be modiHed in relation to different conditions of existence. 
Thus, among sedentary Gastropods the foot is reduced to a simple 
discoidal prominence in such fixed forms as Fermetus (Fig. +5) and 




It triqveier. vlth brokf 
(After LKMie-Duthi 



Magilus. In Bathyseiadium (Fig. 126) the ventral surface of the 
foot assumes the form of a sucker, the central portion of which is 
covered by a thick cuticle, and the circumference is ciliated. In 
the parasitic forms Stylifer and ITiyca the foot is atrophied and is 
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represented only by a small ventral appendage. Among the free- 
swimming Gastropods we find that in the Heteropods the foot is 
laterally compressed to form a vertical natatory lobe held upper- 
most in swimming (Fig. 142), but in Phyllirho'e it no longer exists as 
a differentiated organ (Fig. 161). In leaping Gastropods, such as 
Bostellaria among the Strombidae (Fig. 46), the foot is also laterally 
compressed, and its ventral surface, if not displaced anteriorly, is 
not flat. In Harpa the posterior part of the foot may be cast off by 
a process of autotomy. 

The creeping sole is often divided by a median longitudinal 
furrow; this may be seen in sundry Rhipidoglossa, e.g, Trochus^ 
Stomatella, Phasianella; and in Taenioglossa such as Littorina and 
Cyclostoma : in the last-named genus the two halves of the foot 
contract alternately during progression. A transverse furrow, 
crossing the anterior half of the foot, is found in the Olividaey 
PomatiopsiSy many Auriculidae, Otina, and Cyerce. 

Certain parts of the foot may exhibit special differentiations. 

(L) Its two anterior angles are prolonged into tentacles in Cydostrema, 

Valvaia (Fig. 132), Chonstes, Olivella, Eolis, etc. (2) The anterior 

margin of the foot may be furnished with a number of small tactile 

papillae as in Trochus, etc., or there may be a small fleshy projection, 

called the mentum, between it and the mouth, below the aperture 

of the supra -pedal gland, as in the Pyramidellidae (Fig. 137), 

Siliguaria, Aclis, Fermetus, In Capulus there is a little projecting 

tongue-shaped structure above the anterior margin of the foot and 

below the snout, and in Vermetus two symmetrical tentacles are 

present in the same position, on either side of the aperture of the 

supra-pedal gland. (3) In various fossorial Gastropods the whole 

anterior region of the foot is somewhat elevated above the head, 

to form the propodium. This region is distinctly separated from 

the rest of the foot by a constriction in the Harpidae and by a 

transverse furrow in the Olividae. The propodium is particularly 

>rell developed in the Naticidae, in which it is reflected over the 

w-hole cephalic region to form a powerful digging organ (Fig. 47). 

(4) The lateral margins of the foot are expanded to form fins or 

Parapodia in certain Olividae, and particularly in a number of 

Opisthobranchs, as, for example, in Gastropteron, Acera, etc. ; among 

the Bullidae, the Pteropods, Aplysia, etc. In Notarchus these two 

lobes are united above the body in such a manner as to form a 

^tnuscular sac open in front, but closed behind and at the sides. By 

forcibly expelling water through the anterior aperture, the animal 

^K^ioakes use of the sac as an organ of locomotion. (5) The posterior 

i^egion of the foot is often separated off as a distinct operculigerous 

lobe, as may be seen in the Strombidae (Fig. 46), Xenophorus 

(Tig. 134), and the Atlantidae (Fig. 141). In some Marginellidae 

"fchere is a posterior dorsal discoid lobe. In Nassa and in allied 
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forma tie posterior extremity of the foot bears a pair of teotacleB 
which are sometimes bifurcated, and in Phos there is a single filament 
in this position. In Pterotmchea the foot terminates posteriorly in 
along filiform contractile appendage, bearing several annular vari- 
■cosities. In CymbtUia the posterior lobe of the foot also ends in a 
long whip-like appendage. (6) On the sides of the foot, at about 
the middle of its height, there is often a ridge, the epipodiiun, 
extending from the head to the posterior end of the foot This 
ridge ie specially wel! developed in various Khipidoglossa (Fig, 130, 
VIII), and may bear appendages of greater or less length, sensory 
organs, and pigment spots, the last-named, however, showing no 
trace of the structure of eyes. The anterior part of the epipodium 







generally forme a cervical lobe, which exhibits a characteristic 
asymmetry in certain Trochidae. The epipodium is found also 
in IMiopa, the Eissoidae, Narica, JatUhina, etc, and a portion of 
it is represented by the cervical lobes in Polvdina, Ampuilaria, 
and Calyptraea. 

The surface of the foot is normally furnished with a large number 
■of unicellular mucous glands, and very often these cells are specially 
accumulated in invaginations of the integument, distinguished as 
pedal glands. The most important of these invaginations are — (1) 
The anterior groove of the foot (Fig. 144, IV), into which open Uie 
so-called labial glands : it is often continued into a fairly long canal. 
This anterior pedal gland is very generally present in the aquatic 
creeping species of Streptoneura and Opisthobranchs ; it secretes 
the mucus which lubricates the surface of the foot, and is auxiliary 
to creeping whether it be on the bottom of the sea or on the 
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surface in a reversed position. (2) The supra-pedal gland opens in 
the middle line between the snout and the anterior border of the 
foot. It is most commonly found in sessile Streptoneura (Fei'metuSy 
Hipponyx) and in terrestrial forms such as Cydostoma and the 
Pulmonata. It is often very deep, and extends for nearly the 
whole length of the foot : its walls are thrown into folds and are 
ciliated ventrally in the majority of the Pulmonates. (3) The 
ventral pedal pore, situated in the middle line in the anterior 
moiety of the foot, is the aperture of a more or less extensive and 
often ramified cavity into which the glands of the sole or the pedal 
glands properly so called pour their secretion (Figs. 44, B ; 144, I). 
This organ is comparable with the byssogenous gland of Lamelli- 
branchs (Fig. 197), and is found in the following genera: in 
Cydostoma, in which it is composed of multiple tubules ; in Cypraea, 
Hemifusus (Fig. 44), Cassis, and a large number of Rachiglossa and 
Toxiglossa, viz. in the Fasciolariidae, Turbinellidae, Nassa, Mwrex, the 
Olividae, Marginellidae, and Conidae (Fig. 144). Its opening was 
formerly mistaken for an aquiferous pore. (4) The posterior mucous 
glands may be either dorsal or ventral in position. The former are 
characteristic of terrestrial Gastropods, such as the Pulmonates and 
certain Cyclostomatidae, in which they are often surmounted by a 
simple or multiple horn-shaped protuberance (Orpiella, Pledrophorus, 
Dermatocera), The ventral posterior glands are simple localisations 
of the dermic glands, and occur in various Opisthobranchs ; they are 
not sensibly invaginated in the Pleurobranchidae and Pleuro- 
phyllidae, but are invaginated and form a long canal in Gastropteron, 
The product of secretion of the pedal glands in many cases solidifies 
on contact with the air or water and serves for the suspension of 
the animal. In some species of Limax, Litiopa, Centhidea, etc., it 
assumes a filamentous form ; and in both sexes of Janthina, whether 
viviparous or not, it is filled with air-bubbles and forms a float, 
covering the ventral surface of the foot, beneath which the animal 
is suspended (Fig. 135). 

The ventral border of the flattened and fin-like mesopodium of 
the Heteropoda exhibits, in the male at any rate, an invagination in 
the form of a sucker (Figs. 141, 142, d'), A similar sucker exists 
on the ventral or pedal area of some species of Phyllirhoe, but in no 
Gastropod does the foot exhibit an aquiferous pore, in the sense 
formerly attached to this term. In some forms, however, and at 
all events in the Naticidae, there is a system of aquiferous spaces in 
the foot ; these spaces are completely separated from the circulatory 
apparatus and serve to distend the foot (Fig. 47, VIII) in the action 
of burrowing in the sand or mud. 

The foot often bears on its posterior dorsal aspect a solid 
sclerite, known as the operculum, which, on the retraction of the 
animal, serves to close the aperture of the shell. The operculum 
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is sometimes borne on a differentiated portion of the foot as in 
Xenophorus (Fig. 134), Pterocei'as (Fig. 75), Atlanta (Fig. 141), or on 
a distinct expansion, which in Natica is reflected over a portion of 
the shell. An operculum is present in almost all adult Streptoneura, 
the exceptions being the Docoglossa, the Fissurellidae, the Haliotidae, 




Fig. 47. 

Natioajosephina, fally expanded ; right-side view. I, exhala'nt orifice ; II, propodium ; III, 
part of propodium reflected on the shell ; IV, tentacles ; V, shell ; VI, posterior part of foot 
reflected on the shell ; VIII, hind-part of the foot. (After Schiemenz.) 

Gena, Stomatia, the Proserpinidae, Calyptraeidae, Capulidae, Hip- 
ponycidae, Cypraeidae, Doliidae, Marginellidae, Harpidae, the 
majority of the Mitridae, many Cancellariidae and Conidae, Olmt, 
the Janthinidae, etc. But in all these cases, with the exception of 
the larva of Stylifer, an operculum is present during development. 




ad 

. Fio. 48. 

Operculum of Oxygyrus^ x 30, external aspect, a.s, attachment surface ; n, nucleus of the 
opercular spire. 

as may be seen, for example, in the Patellidae, Ftsmrella, Calyptra^a, 
Janthina, Caiinaria, etc. The naked Streptoneura, Entoconcha, 
Enteroxenos, Fteivtrachea, Firoloida also have an operculated shell 
in the larval stage of development. Among the Euthyneura, on 
the other hand, only Actaeon and Livmcina among the Opistho- 
branchs, and Amphibola among the Pulmonates, possess an oper- 
culum in the adult stage, but the great majority, even of the naked 
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forms euch as the Nudibranchs, the Cymhuliidae, and Pleurolrranchm, 

are provided with an operculated shell during thoir development, 

the only exceptions being some highly specialiBed forma, e.g. the 

Puhnonates (excepting the Auriculidae, Sipbonariidae, and On- 

cidiidae, which have an operculum during development), Jiuncina, 

Cenia, and of the " Pteropods," the Cavoliniidae and Gymnosomata. 

An operculum may be present or absent in the adults of the 

same genus, as may be seen in Stomaidia, Vermelus, Valuta, Mitra, 

Plairotoma, and Cortus. It may be absent in certain individuals of 

the same species as in Volutharpa ampullacea, or it may be normally 

caducous in aged individuals 

as in Lmacin^ aniarcHca and 

L. hlicina. The composition 

(A the operculum varies very 

much in the different groups 

oi Gastropoda It is com- ^3::P5^^@^^^Hi of^ 





iBonly horny, or it may consist of i horny plate covered by a thin 
lalcareous layer, as in iMlia among the Delphmulidae and Cistula 
among the Cyclostomatidae ; or, finally, it may be completely calcified, 
U in the Turbinidae, PliaBianellidae, Neritidae, etc. Its conformation 
is originally spiral, and in this case the spire is always inverse to 
that of the shell, even in the Atlantidae (Fig. 48), except in certain 
cases of hyperstropby described below. It may, however, be con- 
centric, imbricated, or scaly (Strombidae, Fig. 75, tip), and it maybe 
furnished with lateral apophyses as in Neritina, Rissoiiux, and Stiva. 
Some non-operculate testaceous Gastropods', as, for instance, many 
etylommatophorous Pulmonates and some species of Planorbis, 
secrete glutinous or calcareous epiphragm which closes the mouth 
of the shell during hibernation or aestivation. In Hippmiyx the 
foot secretes a calcareous plate by means of which the animal 
Axes itself to the substratum. 

2, Visceral Sac, Mantle, and Shell. — The mantle normally covers 
the whole of the visceral sac and projects all round it, leaving only 
the head and foot projecting on the ventral aide. On the anterior 
or on the lateral aspect, or exceptionally on the posterior aspect, as 
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in the Cavoliniidae and Cymtiuliidae, there is a space left between 
the mantle and the body, constituting the pallial cavUy. This 
pallial cavity has a situation opposite to that which it occupies in 
other Molluscs (Fig. 22), due to the torsion which the Gastropod 
body undergoes towards the end of ita development. 




KeUHourl. 



'iewed from the right ilde 
an^; C, » sWgfl Bi Hon™ 
. (After Robert.) 



bter tfaui k /.loot; op, operculum ; po-c, pkIIIb 

The process by which this torsion is brought about may be 
referred, on ultimate analysis, to a morphological phenomenon 
common to the Cephalopods (Fig. 119, D), Scaphopods (Fig. 119, B), 
and Lamellibranchs (Fig. 119, C), as well as to the Gastropods. 
This phenomenon is the ventral flexure which takes place in an 
anteroposterior sagittal plane, about a transverse axis situated at 




right angles to the main antero-posterior axis of the animal, and results 
in the approximation of the two enda of the digestive canal. As 
a consequence of this flexure, the visceral mass and shell, which were 
originally saucer- shaped, become thimble-shaped, or are produced 
into a more or less pointed cone, and during the flexure there is a 
simultaneous coiling of the visceral sac and the shell covering it in 
a dorsal or anterior direction, so that an exogastric coil is produced. 
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as may be seen in the Patellidae, Fissurellidae, and Trochidae 
(^g. 51, A). This disposition of the shell is the same as that which 
obtains in other Molluscs with coiled shells (Nautilidae, Fig. 270), 
"but without lateral torsion. But in Gastropods, during the com- 
pletion of the metamorphosis, there is a lateral torsion subsequent 
"to the primitive ventral flexure, as a result of which the originally 
<iorsal or exogastric shell becomes ventral or endogastric (Fig. 51, C). 
This lateral torsion is causally connected with the growth of the 
Tentral creeping surface, which primitively was very short, but 
eventually increases in length, and in so doing tends again to 
Temove the pallial opening, and with it the anal and renal orifices 
and the respiratory organs, away from the head. The approxima- 
tion of these organs to the head is therefore necessarily effected by 
a lateral torsion in a plane perpendicular to the primitive ventral 
flexure ; that is to say, about a dorso- ventral axis situated in the 
same median sagittal plane as the antero-posterior axis. It is this 

second lateral torsion, then, in- 
^ ve, /<Zr>— /^ volving all the organs contained 

in the shell — the cephalo -pedal 
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Fm. 53. 

Four stages of the development of a Gastropod, 
showing the process of the body - torsion. A^ 
embryo without flexure ; 5, embryo with ventral 
flexure of the intestine ; C, embryo with ventral 
flexure and an exogastric shell ; 2), embryo with 
lateral torsion and an endogastric shell (the 
ansowB indicate the direction of the torsion), 
a, anus ; /, foot ; m, mouth ; pa, inantle ; -pa.c^ 
IttUial cavity ; tw, velum. (After Robert.) 




VIII 



Fig. 64. 

Scx&vwrdla. lytteltonensis, out of itH 
shell, dorsal aspect I, snout ; II, right 
tentacle; III, pallial slit; IV, right 
gill ; V, rectum ; VI, gonad ; VII, left 
kidney ; VIII, left half of the columellar 
muscle ; IX, left gill ; X, left eye. 



mass being supposed to be fixed or vice vei'sa — ^which brings the 
pallial aperture and the anus from a posterior to an anterior position 
(Fig. 53). 

During this lateral torsion the following changes are necessarily 
produced in the original organisation of Gastropods : — (1) The 
anus being carried forward along one side of the animal, the 
organs situated on either side of this orifice change their relative 
positions ; those which were morphologically on the right become 
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topographically on the left side, and vice versa, (2) The visceral 
commissure, while maintaining its position in respect to the 
digestive canal, becomes twisted (Fig. 52) in such a manner that 
its right moiety with its ganglion passes over to the dorsal side of 
oesophagus (Fig. 57), and is therefore called supra-intesiincil, while 
the left moiety passes under the oesophagus towards the right side, 
which explains the name infra-intestinal given to this portion of 
the commissure and the nerve-centre borne on it. (3) The 
original symmetry of the organisation disappears. The anus 
does not remain in the centre of the pallial cavity, but is dis- 
placed towards the right side. The organs situated on the topo- 
graphically right — but morphologically and originally left — side 
atrophy {Pleurotomaria, Scissurdla, etc), and eventually disappear. 
An essential feature of the asymmetry of Gastropods is the atrophy 
or disappearance of the topographically right (morphologically left) 
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Fio. 55. 

Troch'HB cinerariuSy heart and 
kidneys, dorsal aspect (some- 
what schematic). I, left renal 
pore; II, right renal pon; III, 
right kidney ; IV, papilla with 
the common opening of the peri- 
cardium and of the gonad into 
the right kidney ; V, riglit reno- 
pericardial duct; VI, anterior 
part of the gonad ; VII, right 
auricle; VIII, ventricle; IX, 
pericardium ; X, left auricle ; 

XI, left reno-pericardial orifice ; 

XII, branchial efferent vessel; 

XIII, left kidney ; XIV, rectum ; 
XV, gill. 



half of the circumanal complex, involving the ctenidium, auricle,— 
osphradium, hypobranchial gland, and kidney. In forms with-J 
situs inversus, or, as they are generally called, sinistral forms, the^ 
phenomenon is reversed : the organs of the left side are preserved, 
those of the right side atrophy or disappear. In dextral Gastropods 
the only structure found on the topographically right side of the 
rectum is the genital orifice. But this is not an original organ. 
It is wanting in forms which, like Pleurotomaria, Haliotis, etc., have 
preserved the maximum of symmetry. Moreover, in the most 
primitive stage of organisation, the gonads opened into the kidneys. 
As soon as the asymmetry makes its appearance, even while there 
are yet two kidneys, the genital products are conducted only into 
the right kidney (Patellidae, Trochidae, Fig. 55, Fissurellidae). 
Consequently the right kidney cannot disappear altogether, but 
persists in part as the gonaduct. The latter structure, therefore, 
is the remains of the topographically right kidney, a view which 
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been confirmed by the study of the embryology of Pahdma. 

The coil of the visceral sac and shell becomes endogastric. 
ginally these structures were coiled dorsally or, in other words, 
re exogastric (Fig. 53, C), but as a result of a rotation through 

angle of 180°, the coil necessarily becomes ventral or endo- 
tric (Fig. 53, D). Most usually, however, the coils of the 
zevaX sac and shell do not remain in the same plane, but the 
amit of the spire gradually comes to project on the side which 
} originally left, but which at the end of development is finally 
1 topographically right (Fig. 44). Thus a spiral coil is formed 
ich has the advantage of giving a more compact form to the 
ill and its contents, and of diminishing its diameter. In those 
ms in which the torsion and asymmetry is dextral, the coil of 
1 spire is conformable since it also is dextral ; that is to say, it 
lows the direction of the hands of a watch if the shell is viewed 
m the summit of the spire (Figs. 17 and 1 32, etc.). Nevertheless, 
! coil of the shell is by no 
ans the cause of the torsion ; 
;h are foreshadowed in the 
;mentation of the ovum, in 
ieh there is a complete reversal 

the direction of the cleavage 
ines in sinistral as compared 
th dextral Gastropods. The 
parent direction of the coil, 
wever, may be changed by a pro- 
e of liyperstrophy (see below, 
I, and finally the coil of the 
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Intestinal (jinKlioii; Vl' h^t sali- 
vary eland ; Vll. abdomiaaJ ganglion 
and geniUI nerve : VIII, oesophague ; 
IX, supra- In tfl&tbiaJ part of th« 



.ceral mass and spire may disappear in the adult, leaving the in- 
'iial torsion and asymmetry unaltered, but producing a secondary 
ternal symmetry, as in the Patellidae (Fig. 66), Fissurellidae, etc. 
I By detorsion, or movement in a contrary direction, the anus 
d circumanal complex (with the exception of the male or hcrma- 
rodite genital aperture) may be carried back to a posterior posi- 
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tion. This tendency to detorsion may be observed in exceptional 
cases among the Streptoneura {Pterotracliea, Fig. 143), but it is 
specially characteristic of the whole group of the Euthyneura, lead- 
ing to the untwisting of the visceral commissiu'e, which, in this 
group, is obviously twisted only in Actaeon (Fig. 57). When detorsion 
is carried to its extreme limit as in Pterotrachea, it is accompanied 
by a reduction or disappearance of the mantle and visceral sac and 
opisthobranchialism. In the least specialised Opisthobranchs and 
Pulmonates the detorison is not complete, and the pallial aperture is 
carried only to the right side (Figs. 148, 67) ; but in the most specialised 





PhUine aperta, ventral aspect, a, anus ; 
/, foot; g, gill; glj, glandular fossa; g.o, 
genital orifice (seen through the foot) ; k.o, 
renal pore ; o», osphradium ; pa, inferior 
pallial lobe. (After Guiart.) 



Fig. 59. 

OncidMla patelloidesy ventral aspect, an, 
anus ; gl, tentacular gland ; o, mouth ; o.f, 
female orifice ; o.m, male orifice ; |j, foot ; pa, 
mantle ; pjis, pulmonary orifice ; 8i.p, lateral 
groove ; te, tentacle. 



forms the anus and the pallial cavity (if the latter is retained) are 
moved back to the posterior extremity of the body, as in Philine 
(Fig. 58), Aplysia (Fig. 1 54), Doridomorpha (Fig. 79), and many other 
Nudibranchs, such as Janus, Aldeiia, Limapontia, and Cenia ; and 
among Pulmonates in Testacella, Vaginula (Fig. 179), and Oncidium 
(Fig. 59). In this manner a secondary external symmetry is re- 
established. The detorsion of the organism is complete in the 
Tectibranch Cavoliniidae (" straight Thecosomatous Pteropods "), in 
which one may recognise a torsion of 180° in a direction opposite 
and equal to that of the original torsion, the result of which is that 
the genital duct is twisted round the alimentary canal and the 
pallial cavity is shifted to the ventral surface (Fig. 60). It should 
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e noted that in those Euthyneura which are detorted in the adult 
ondition, the primitive torsion is manifest in the course of develop- 
aent, and in the larvae the pallial cavity is anterior and dorsal, the 
anus anterior, just as is the 
case in an adult Streptoneura 
(Fig. 61). 

The paUial cavity normally 
contains the apertures of the 
anus and the renal ducts ; and, 
as it also contains the ctenidial 
branchiae, together with their 
sensory organ, the osphradlum, 
it constitutes the respiratory 
cavity. There is, in addition, 
between each brancbia and the 
rectum a more or less dif- 
ferentiated glandular region 
known as the hi/pobranchiat 
gland or pallial mucous gland 
(Figs. 75 and 85), which is 
characteristic of aquatic species. 
Two such glands are found, 
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no on either side of the rectum, in various Ehipidoglossa, such as 
''learotomaria (Fig. 127), Haliolis, Turbo, etc., but only one, namely, 
hat of the left side, in the majority of aquatic Gastropods with a 
rell- developed mantle. This glandular organ becomes median 
nd neariy symmetrical in the Cavoliniidae (Fig. 60) and the 
Jymbuiiidae. 
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The pallial cavity is largely open in the Streptoneura ; its orifice 
is narrower in the Tectibranchs (Fig. 1 48, IV), and is much reduced 
in the Pulmonates (Figs. 67 and 177), as the result of the almost 
complete fusion of the mantle border with the neck. 

The mantle border projects somewhat beyond the shell that 
covers it, and may be furnished with little tentacles, with glands 
and pigment spots. The border is not continuous in the most 
archaic forms, but presents in the median line, or at a neighbouring 
point morphologically equivalent to the median line, a more or less 
deep longitudinal slit, as may be seen in the Pleurotomariidae (Figs. 
54, 127, and 128), in EmarginvXa^ and Scvium, This slit corresponds 
in position with the extremity of the rectum, and admits of a more 
rapid expulsion of the excrements and the respiratory fluid. The 
edges of the slit may fuse together* at one or more points, leaving 
one or more orifices in the mantle and in the shell on the dorsal 
side of the pallial cavity (Fig. 62), as in Fissurella, Fundurelh, and 
Haliotis. An analogous slit is also present in Siliquaria and Pleuro- 
toma. In the female Vermetus 



there is a median slit in the 
border of the mantle (Fig. 
45), but no corresponding 
fissure in the shell ; in this 
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Fio. 63. 



Fio. 62. 

Schismope lacuniformis, seen 
from the umbilicus, a, aperture 
of the shell ; /, foramen ; u, 
umbilicus. (After Watson.) 



Limadna antarctica^ removed from its 
shell, dorsal aspect, au, auricle ; gLpa, 
pullial gland; flfo.se, seminal groove ; na, 
right fin ; pa, mantle ; r, kidney ; te.d, right 
tentacle; te.g, left tentacle; ve, ventricle 
of heart. 



case the mantle slit admits of the fixation of the eggs to the 
internal wall of the shell, to which they remain attached up to the 
time of hatching. 

At the left or anterior corner of the pallial aperture the mantle 
edge is often produced into a tube with a ventral slit (Fig. 99, XV) ; 
this tube or siphon serves to admit water into the pallial cavity. 
A siphon exists only in specialised Streptoneura ; it is but slightly 
developed in the Cerithiidae, is rather larger in the Strombidae 
(Fig. 75, si), and attains its greatest dimensions in the Cassididae and 
Doliidae and in all the Rachiglossa and Toxiglossa. In the Volu- 
tidae the siphon is furnished with an internal appendage. Amptd- 
laria also possesses a long siphon, which may serve either for 
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pulmonary or for branchial respiration. On the right side of the 
paliial opening the mantle border sometimes bears a tentacle, as in 
Valvata (Fig. 132), Oliva^ StrombtLS, Acera, and Gastropteron. In 
^deorbis there are two such tentacles (Fig. 133). In many Tecti- 
iDranchs the mantle edge at the right side of the paliial opening 
bears a large inferior paliial lobe (Fig. 148, I), which forms the 
** balancer" in the Thecosomata. This lobe is also found in the 
l)asommatophorous or aquatic Pulmonates, and in some species of 
this group it is converted into a paliial branchia (Figs. 89 and 175). 
The dorsal surface of the mantle secretes a shell, formed of a 
single piece, which necessarily reproduces the form of the mantle, 
or rather of the visceral sac contained in the mantle. As the 
visceral sac is always coiled (even in forms with conical shells like 
the Patellidae and Fissurellidae and in the various Gastropods which 
are naked when adult the visceral sac is coiled during develop- 
ment), it follows that the shell is also coiled. The curvature of the 
coil, or conchospiral, is, generally speaking, a logarithmic spiral. 
The spire, that is to say, the totality of the whorls, with the excep- 
tion of the last formed, may be excessively prominent, as, for 
example, Terehra, Turritella, Turbonilla, certain Cerithiidae, etc., or 
may exhibit every possible disposition, until the prominence dis- 
appears and the shell becomes discoidal as in Planorbis, Atlanta 
(Fig. 141), etc. 

The various whorls of the spire are normally contiguous, but 
it occasionally happens that, after a certain number of turns, the 
visceral mass and the shell appear to unroll more or less completely, 
and to continue their course either in a much looser spiral or in a 
slightly curved line, or even in a nearly straight line {Vermetus, 
Fig. 45, MagiluSy CyclosuruSy Caecum, Fig. 68). The extremity of 
the last whorl may also form a certain angle with the direction of 
the preceding whorls, as, for example, in certain helicomorphous 
Pulmonates {Anostoma). 

The coil, commencing from the initial point of formation or 
summit, is dextral when the shell, held with the summit towards 
the observer, has the mouth or aperture below and to the right. 
It is sinistral when, under the same conditions, the aperture is to 
the left. Dextral shells are much more common than sinistral. 

This direction of the coil, when it is not obscured by " h3rper- 
strophy," is conformable with that of the asymmetry of the organ- 
isation ; that is to say, a sinistral coil corresponds completely to the 
sUtLS inversus viscerum of a dextral Gastropod. This situs inversus 
may be seen in the genera Triforis, Laeocochlis, Actaeonia, Blauneria, 
Clausilia, Physa ; in certain species of the genera Fulgur, Neptunea, 
Bvlimulus, Helicter, Vertigo, Ariophanta (Nanina), Ancylus, Diplom- 
matina ; and in some teratological individuals of Buccinum undatum, 
LiMorina littorea, Neptunea antigua, Limnea stagnalis (in which the 

6 
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monstrosity has been sometimes fixed by heredity), Helix^ Arion, aii_< 
various other Pulmonates. There are, however, forms in which tlB- 
coil is hyperstrophic : in this case the whorls which form the spir- 
are very slightly prominent ; the spire becomes flatter and flattex 
and finally becomes concave and is transformed into a false umbilicus 
At the same time the part corresponding to the umbilicus (tb. 
cavity opposite to the spire) of normally coiled forms become 
prominent and constitutes a false spire. The coil then appears t 
be sinistral, although the asymmetry of the organisation remain 
dextral, as, for example, in Lanistes and the coiled thecosomatov:: 
Pteropods, in which the opercular spiral follows the same directiczi 
as the apparent spire of the shell (Fig. 49) ; or reciprocally :i 
Flanorbis, especially in individuals which are ^fealariform or terat^ 
logically unrolled, such as Choanomphalvs and Pompholyx (Fig. 64r 
Finally, it may sometimes be observed that the spiral in which ttt 
coil is formed insensibly changes its nature or its apparent directioi 
after the first larval whorls are completed. This is the pheno- 




FlG. 64. 

Passage from a sinistral orthostrophic fonn (a) to a pseudo-dextral hyjierstrophic one (6) ; 
the heart is indicated in black, in order to show the constancy of the sinistral organisation. 
(After J. W. Taylor.) 

menon of heterostrophy, in which the spiral from being negative 
eventually becomes positive ; that is to say, the coil that was at 
first hyperstrophic becomes finally orthostrophic. Examples of 
this phenomenon are Solarium (the larval shell of which has been 
called Agadina), Mathilda, the Pyramidellidae (Fig. 65), Melampus, 
and various Bullidae. 

The line along which two successive whorls of the shells cease 
to be in contact with one another is the " suture." The portion of 
the shell separating the successive whorls of the visceral spire may 
be resorbed in certain cases (many Auriculidae, some Neritidae, 
Cypraea, Olivella, etc.), resulting in the concrescence of the whorls 
of the visceral sac, or even in the suppression of its coils, as may 
be seen in several species of the genus Auricula (Fig. 67). On 
the other hand, the animal may desert the first whorls of the coiled 
shell, and cut itself from them by the formation of a transverse 
partition or septum : this operation may, in certain cases, be 
repeated several times, e.g. Vermetus, Turritella, Caecum (Fig. 68), 
Tnmcatella, Triton (Fig. 66), Cuvieiina, etc. In the families 
Cylindrellidae, Stenogyridae (Bumina decollata), and Pupidae, and 
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in the genera TmiuateUa, Ceriflivl'-d, Cafiim, aiiH Vuvitrina, the 

portion of the shell beyond the septum msiy be truncated and lost, 

or the first whoris may be filled up by a calcareous deposit as in 

Magilus. In the conical shell of various Cajmlidrte (Taenioglossa), 

Zeidora, and Sepknid (Rhipido- 

jlossa) and Lalia (Basommato- B A 

_)hora) there is an incomplete 

internal septum, corresponding 

to the interior margin of the 

aperture, which has become 




tehtaclei le', rudliiienlur aiituiiar te 
1'i.in. viiu:rn,\ mass, v\\om dltTcKiit 

prominent. In certain genera this septum is folded into the shape 
of a trumpet, the cavity of which affords a lodgment for a pro- 
jection of the posterior part of the foot (Crm-ibiiliiiit, Fig. 69). In 
the last whorl of the shell of Chnisilia thei-e is an accessory piece, 
the clausilium, attached to the columellar axis by an elastic 
support : this piece closes the mouth of the shell when the animal 
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is retracted, but ia pushed back against the ajtis when the animi 

is extendod. 

The Gastropods are attached to their shells by the columella 
muscle (Fig. 45, co), and withdraw themselves into their shells by it 




contraction ThiR muscle is symmetrical and borseshoe-shaped ii 
pecies with conical shells (Pii^/^ Sejiaiia Capulm, etc.), but i 
other species it is asymraetncal It is oial in Ualioiis, and it 
insertion on thp cclumelH 13 neirly hnear in coiled forma. Tb 




power of this muscle is often considerable ; in Patella vuigata it ca 
resist a traction of fifteen kilograms. The columellar muscle 
naturally absent in forms without shells (Nudibranchs, Oneidim 
Vagiimla), but is present in Testacella. 

3. Oi-igin of Naked Forms. — In many-cases the borders of tfa 
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mantle are reflected over the shell and cover a greater or less part 
of its external surface. This condition is found in various Fissurel- 
lidae {Fissarellidea), in Marseniaa, in many Cypraeidae (Fig, 70) and 
Marginellidae, in Pffnih (Fig. 71), Aplysia (Fig. 154), many Bullidae, 
and various Pulmoiiates, auch as Vttnua, Parmarum, Hmiiphilia, 
Uomohnyx, Ampkipepka, etc. The portion of the internal surface of 
the mantle that has thus become external may bear more or leas well- 
developed and ramified appendages (Gypraea), and the other surface 
oi the reflected maiitle may sometimes secrete an external coating 
of L'uamel over the portion of the shell to which it is applied. The 
boniera of the mantle, extending more and more over the shell, 
niy finally meet, unite, and thus form a closed sue coiitaininf; the 




shell, which, together with the visceral sac contained in it, sufi"ers 
i diminution, or even an almost complete disappearance, of its 
spiral form, bo that the animal appears to be quite naked. This 
condition may be seen in Pvpilta among the Fiasurellidae, in the 
majority of the Lamellariidae, in Puslularia among the Cypraeidae, 
in many Tectibrancha, such as Notarckus, Dondium, Gastropteron, 
/"hUine, PleuTobranchus, and in sundry limaciform Pulmonatea. In 
some cases the ahell-sac remains in communication with the exterior 
by meana of a fine ciliated canal, situated at the posterior end of 
the body (Philine, Dondivm). In the Tectibranchs the internal 
Bbell is often very slightly calcified, and at the same time the 
pallial cavity becomea more and more reduced. Finally, the shell 
and the shell-cavity disappear, leaving the mantle absolutely naked 
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and without a spiral coil. At the same time there is a return to a 
secondary external symmetry. This phenomenon may be seen in 
the Titiscaniidae, Pterotrachea (Fig. 143), Euncina, Phyllaplysia, the 
gymnosomatous " Pteropods '' (Fig. 84), the Cymbuliidae (Fig. 151), 
Pleurobranchaea (Fig. 157), the Nudibranchs (Figs. 160, 161, etc.), 
the Philomycidae, the Oncidiidae (Fig. 59), and the Vaginulidae 
(Fig. 179). In these cases, excepting Cenia and JRuncina, the shell 
exists only during development, and falls off at the close of larval 
life. As a rule, the pallial cavity is reduced at the same time 
(Pterotrachea, Pleurohunchaea, Gastraptei'on), or it may disappear 
together with the ctenidium, and the external surface of the dorsal 
visceral envelope may give rise to various appendages such as the 
cerata or dorsal " branchial " papillae of Nudibranchs (Fig. 160, A, c) 
and the terminal branchia of the Gymnosomata (Fig. 84, VII). In 
one instance in which the larval shell is caducous a second per- 
sistent shell is formed, covered by the mantle : such is the case in 
Lamellaria, whose primary shell is covered with spines, and was for- 
merly believed to belong to another animal to which the name oi 
Echinospira was given. 

In parasitic Gastropods the naked condition of the adult is tli< 
result of an essentially similar process, but the shell is covered ovei 
by a cephalic expansion known as the " pseudopallium " (Fig. 20,^5) 
Finally, the nudity of certain "Heteropods" (Pterotracheidae) ii 
due to the progressive reduction of the visceral sac and the dis 
appearance of the mantle. In many Gastropods that are naked ir 
the adult condition calcareous spicules of some size are developec 
in the sub-epithelial conjunctive tissue of the mantle, e.g. in th( 
Pleurobranchidae and in Doridomorpha, the Hedylidae among th( 
Nudibranchs. In the Cymbuliidae (Fig. 151, II) the sub-epithelia 
connective tissue gives rise to a pseudo- conch. 

II. Anatomy. 

1. The Alimentary Canal. — This comprises, in the various form 
of Gastropods, a buccal cavity connected by the oesophagus with i 
stomachal cavity, and an intestine properly so-called, the last-name< 
being tolerably long and coiled. The buccal cavity and th 
oesophagus are of ectodermic origin, and taken together fom 
the fore gut. The buccal cavity normally opens at the extremit; 
of the head, which generally has the form of a cylindrical snou 
slightly inflected towards the ventral surface (Fig. 130, VI). Ii 
many cases, however, the opening of the buccal cavity is carriec 
backward by the development of an invagination of the pre-ora 
integuments, and thus an apparent mouth is formed which is no 
morphologically equivalent to the true mouth, the latter bein^ 
carried to the anterior extremity only by an evagination of th( 



THE GASTROPODA 



87 



tegumentary ingrowth, which in this manner gives riee to a 
proboscis. When this extensible proboscis is evaginated the 
oeaophagua forms its interior lining ; when it is invaginated the 
oesophagus forms its posterior continuation. Such is the pleurec- 




ipl^t^ly iatrovertoii- B, the aame^ partially everted by eTeraloD of tlie Hld«B, jih in 
e pn>boiicia>Jidaastropodaye.tentKle-p1eDnctioUc. C, tbeiumD, fully etert«d. 
r simple introvert in eonneof ovBTslon wrthefoiwBrd movement, not of llsnidea, 
.,»JDtheprob(ucideuiBlBbdoeoii]i=mGncb(ilic F,u:recbolic<^p1eunmbo]ic) 
.... — ^ J proboMidllBrouii Oaatropod. 0/, ilimentiry canal ; c^ 



butofitsapei.Mintbet 



partial everalon of S. K, complete eveislon of H. (After Lankeater.) 

bolie proboscis of Kay Lankester (Fig. 72) found in the Cypraeidae, 
Katicidae, Lamellariidae, Scalariidac, Venndus, the Capulidae, 
Calyptraeidae, Strombidae, and Chenopodidae among the Strep- 
toneura, and in some Opisthobranchs, viz. Doridium, the Pleuro- 
bmnchidae. Aplasia, the Gymnosomata, and the Doridopsidac. In 
other cases the proboscis cannot be wholly retracted, and then the 
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wall of the digestive tube is folded twice oa itself during invagina- ' 
tion. This ia the pleurembolic proboscis of Ray Lankester (Fig. 72) 
found in the Eachiglosaa (Fig. 99, XIII), in certain Toxiglossa, and in 
the Doliidae, Cassididae, and Tritonidae among the prohoscidiferous 
Taenioglossa. In the Naticidae there is a glandular disc on the 
ventral face of the proboscis which serves to perforate the shells 
of the LamellibranchB on which they feed, and in the Pneumo- 
derinatidae there are suckers in the same position situated on two 
retractile lobes and either isolated or united to one another. 

The mouth leads into the buccal or pharyngeal cavity, which is 
the first of the principal dilatations of the digestive tract. The 
salivary glands open into it, and the chitinous masticatory sclerit«s 
are attached to its walls. The whole, together with the muscular 
masses which actuate the masticatory apparatus, forms the buccal 
bulb or pharynx (Fig. 74, A), situated behind the oesophageal nerve- 
collar in the more archaic species, but in front of it in the more 
specialised Gastropoda (Fig. 146). In some carnivorous forms, 
such as Glandina and Testacdia, the pharynx may be more or less 
completely evaginated, forming a false pleurecbolio proboscis. The 
chitinous buccal sclerites are of two kinds, mandibular and radular. 
(1) The mandibles are solid cuticular thickenings situated at the 
anterior end of the buccal cavity. In the majority of Streptoneura 
and Opisthobranchs they are paired, the members of the pair being 
lateral and symmetrical (Fig. 73, A); they are smooth or scaly, 
generally with trenchant, but sometimes with denticulated margins. 
These paired mandibles are usually quite separate from one another, 
but in the Naticidae they are in contact dorsally, and in Lamellaria 
they are clearly fused together on the dorsal side to form a single 
piece. Similarly there is only a single median mandible formed by 
the fusion of two symmetrical pieces in the Patellidae, in Aeginis 
(Doridomorpha, Fig. 73, B), and in 
all the Pulmonates. This median 
mandible is dorsal, its lower or free 
border is trenchant, nearly horizontal, 
d frequently provided with a median 
projection. Two lateral and sym- 
metrical accessory cuticular thicken- 
ings are found in the majority of 
I the basommatophorous Pulmonates 
J {Limrmm, Planorbis, etc.). In cer- 
tain Aplysiomorpha in which the 
mandibles are ventral there is a patch of homy spines on the 
roof of the buccal cavity {Notarchus), and in certain cases these are 
divided into two symmetrical groups enclosed in diverticula, which 
have the form of evaginable sacs (Gymnosomata), In the Hachi- 
glossa the mandibles are rudimentary, and they are absent in many 
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Trochidae, in Neritina, in the Helicinidae, in Cyclostoma, in Thyca^ in 
the Pyramidellidae, Eulimidae, Entoconchidae, and Coralliophilidae, 
in all the Toxiglossa, in the Heteropods, in Actaeon, Tomatina^ 
Scaphander^ Doridium, the Lophocercidae, Cymhuliopsis, Gleba, Clime, 
UrnbreUay Dons, the porostomatous Doridomorpha, Tethys, the 
Elysiae, Gadinia, Amphihola, the Testacellidae, etc. 

(2) The radula is a sort of ribbon of greater or less width, formed 
of distinct and separate chitinous teeth, borne on a single supporting 
membrane. It is secreted in a ventral caecum (Fig. 74, A, n), in which 
it is almost wholly contained, but its anterior extremity stretches 
out on the floor of the buccal cavity, where it forms a median 
projection (Fig. 74, A, p). The radular ribbon is supported by a 
system of paired cartilaginous pieces furnished with protractor and 
retractor muscles (Fig. 74, A, I, m), the action of which causes the 
radula to move to and fro and work like a rasp on the prey seized by 
the animal. The teeth are secreted at the bottom of the caecum or 
sheath of the radula, by a small number of matrix cells ; in front of 
these is a transverse row of cells which secrete the basal membrane. 
The teeth are disposed in transverse rows, and in each row there is 
a median tooth called the " central " or rachidian tooth, on either 
side of which the remaining teeth of the row are symmetrically 
disposed. In the Euthyneura all the lateral teeth are generally 
similar to one another (Fig. 145), but in the Streptoneura, when 
there is more than one tooth on either side, they are divided into two 
clearly defined groups. The teeth nearest to the central . are the 
" laterals," properly so-called, and differ from the more elongated 
external teeth, which are known as the " marginals " or uncini (Fig. 
2, m). The number of teeth in any given transverse row is 
constant in any given species ; it may, however, increase slightly 
with age, at any rate in various Aplysiidae and in the terrestrial 
Pulmonates. On the other hand, the number of teeth is variable 
from group to group, and generally is more considerable in the less 
specialised than in the more specialised groups. Thus, in the 
Streptoneura the Ehipidoglossa have numerous lateral teeth on 
either side of the central ; the Taenioglossa have only three lateral 
teeth on either side, the Rachiglossa only one. Among the 
Opisthobranchs many teeth are included in each transverse row 
in Adaeon and the Pleurobranchidae, but there are only three in 
the thecosomatous " Pteropods '' and only one in the Elysiae. The 
number of successive transverse rows also varies from species to 
species, and consequently the total number of teeth in the radula 
is very different in different forms. There are sixteen (one tooth 
in each row) in certain Eolidae and Elysiae ; about two hmidred and 
fifty in Buccinum undatum; 1920 in Patella vulgata; 3500 in 
LUtorina littorea; 6000 in Doris tuherculata) 8343 in Limnaea 
stagnalis; 15,000 in Helix aspersa; 26,800 in Limax maximus; 




iiigusi apparatus of k Gaetropod in medisn ijagitUl'sectJon, o.I, lower lip; a.u, upper lip ; i, 
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•esophagus behiud the raduUr sac (ft) ; /, anterior termination of the radula and its bed^ the 

^nous piece developed in the floot of the pharynx beneath the radula, and serving for the 

Ktiteriormnacles at^hed to the cartilage; f. muscle acting ah a retractor of ^e bncc&l masB ; 

lie rsduli or layer of cells by which' its lower surbcc is formed ; p, the lad'ula or lingual 
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f, a single row of teeth from the radula of TmcKia civemHm (Rhipldoglossale) ; fbrmula : 

A a Bingle row of teeth from the radula of lanMna fragllit (Stenoglossate) ; formula: 

E, a single row of teeth from the radula of Trachjplemtott clnereum (Amphinaura) ; formnla :; 

' >, a'n'in'gie row of teeth fro.n the radula of Patella vitgata (Docogloaeate) ; formulas: 
l.l.S.O,S.l.a. 

tf, a single row of teeth from the radula of Cyprata Aelcoto (Taeniogloaaate) ; ronnula:=" 

*//, a single row of teeth from the radula of .Vnssn aanalalii (Rachiglossate) ; formula = 
.1.1. The common Wlielk Is -imilar to this. 
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36,000 in Tritonia hombergi; 40,000 in Helix ghiesbrecMi; 75,000 
in Susania tuberculata ; and as many as 750,000 in Umbrella. It 
follows that the length of the radular ribbon varies very much ; it 
is considerable in Cyclostoma and Patella (Fig. 88, r), in which it 
exceeds the length of the body, and in the Littorinidae, in which 
it is coiled into a spiral so as to occupy less room ; in one species, 
Tedarius, it attains to seven times the length of the body. 

The form of the teeth is also constant in a given species, but 
varies from group to group, and is therefore, when taken in 
conjunction with their number, of considerable assistance in 
characterising the divisions of the Gastropoda, especially of the 
Streptoneura ; hence the importance of the radula in systematic 
works. But occasionally the radula may vary in the individuals of 
the same species, as, for example, in the Buccinidae ; and, on the 
other hand, groups tolerably far apart from one another may 
exhibit analogous features in the radular teeth. Further, it has 
been shown that the number of teeth in a transverse row varies in 
all the groups founded upon this character. Among the Taenio- 
glossa, in which the radular formula is 2.1.1.1.2, the two marginals 
are absent in Lamellaria and Jeffreysia ; and contrariwise, there are 
more than two marginal teeth in certain species of Turritella, in 
Stntthiolariay and Triforis, A still larger number of teeth, but no 
median tooth, is found in Solarium^ Scalaria, and Janthina. In the 
Eachiglossa, characterised by the formula 1.1.1, the central tooth 
is reduced in Columbella^ and the laterals absent in the Marginellidae 
and in certain Volutidae and Mitridae, and in the young Harpa^ the 
adult in the last-named genus being devoid of a radula. Finally, 
although the radular formula of the Toxiglossa is given as 1.0.1, 
there is a central tooth, and more than one lateral in sundry Pleuro- 
tomatidae (Spirotropis : 1.1.1.1.1). The radula is absent in a few 
genera only, and those are generally parasitic or suctorial forms, 
such as Thyca, the Eulimidae, Pyramidellidae, Coralliophyllidae, and 
certain Terebra among the Streptoneura, and in the Tornatinidae, 
CymlnUiopsis, Gleba, the Doridiidae (in which a vestige of the radular 
caecum is still retained), the porostomatous Doridomorpha (Dori- 
dopsis, Coramhe, Fig. 164, Phyllidea), and the Tethyidae. 

The buccal opening of Gastropods is furnished with glands, 
often in considerable quantity (Bullidae, Nudibranchs), and in many 
stylommatophorous or terrestrial Pulmonates these glands are 
80 highly developed as to form lobulated masses known as the 
" organs of Semper." But in all Gastropods, with very rare excep- 
tions, the salivary glands proper open into the interior of the buccal 
cavity on either side of the radula. These organs are generally 
simple mucous glands, without any digestive action, but in certain 
forms — Dolium galea is an instance — their secretion contains as 
much as 4 per cent of sulphuric acid, which serves to dissolve the 
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calcareous spicules of the animals taken as food. In the aspido- 
branchiate Streptoneura and in many other Gastropods the salivary 
glands are racemose in structure, but in more specialised genera 
they have the form of more or less elongated tubes {Janthina) or of 
sacs (Dolium). In the Aspidobranchs, Ampullaria, and the Actaeo- 
nidae (Fig. 57) the salivary ducts are very short and open behind 
the perioesophageal nerve-collar, but the glands traverse the nerve- 
collar, and their ducts are long and open in front of it in the 
majority of Gastropods. This is the case in all the Euthyneura — 
the salivary glands being situated very far back in the Pleuro- 
brancheae — ^and in the Taenioglossa, with the exception of Natica, 
certain species of Calyptraea, etc., in which the ducts are too short 
to traverse the nerve -collar. Finally, in the Stenoglossa and 
Heteropoda the salivary glands open in front of, but do not 
traverse the perioesophageal nerve-collar, their ducts, if they are 
sufficiently long to reach it, passing outside the structure. In 
certain forms, e.g. Fulgur, Conus, many Tereh'a, Umbrella^ several 
Pulmonates, etc., the two salivary glands appear to be fused, but 
retain their individuality. In some siphonate probosciferous 
Taenioglossa, such as Dolium, Cassis, Triton, Voluta, and also in 
Fleurobranchaea, the salivary ducts bear a dilatation near their 
extremities. The two glands exhibit a certain degree of asymmetry 
in Strombus, Xenophorus, and some species of Atlanta. In several 
cases there is more than one pair of salivary glands ; the Docoglossa 
possess two pairs, with distinct and separate ducts. In Janthina 
and Scalaria there are two pairs of glands, lying close together and 
appearing to be formed by the bifurcation of a single pair. There 
are also two separate pairs — the second pair being ventral and 
anterior to the normal pair — in various Eachiglossa, Purpura, 
Trophon, Voluta, Cancellariidae, and Haliidae ; with the exception 
of the Muricidae this second pair is anterior to the perioesophageal 
nerve-collar, and its ducts are often fused in the median line. 
Many probosciferous Opisthobranchs also have more than two 
salivary glands : in the porostomatous Doridomorpha (Doridopsis, 
Phyllidiidae) the second pair is ventral and anterior, with a single 
duct ; in Pleuroh'anchaea and Pleurobranchus there is a third dorsal 
and median gland. 

The buccal cavity is followed by an oesophagus, with plicated 
walls. This oesophagus is generally long, and often presents dila- 
tations on its course, which may be described under one or any 
other of the following headings : — (1) A sort of simple pouch with 
thin walls, as in the Heteropods (Figs. 141 and 142, m) and certain 
Opisthobranchs and Pulmonates, or sometimes a muscular swelling, 
as in Murex, Amphibola, Doris, etc. (2) In the majority of the 
Aspidobranchs there are, as in the Chitonidae, paired anterior 
glandular oesophageal pouches, with papillated internal walls. 
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These organs also recur in Littorina. (3) An unpaired folded 
dilatation near the middle of the oesophagus is found in various 
carnivorous Taenioglossa, e.g. the Naticidae, Lamellariidae, and 
Cypraeidae; in the last named it is well developed and has 
a lamellate internal wall. In the same position in the Cassididae 
there is a pouch separated from the oesophagus and opening into 
it by a slit. (4) In all the Taenioglossa, with the exception of 
Cancellaria, the Harpidae, and some species of Terebra, an important 
oesophageal gland, known as the " gland of Leiblein," opens into 
the middle of the oesophagus. Slightly developed in the Olividae 
and Fasciolariidae, this organ appears under diverse forms : it is 
a thick glandular mass in Murex^ a long caecum with thin walls 
in BuccinuMy and in Toxiglossa it forms the so-called "poison 
gland," whose duct traverses the perioesophageal nerve -collar, 
as in Vbluiay and opens into the buccal ca^dty, giving the whole 
structure the appearance of a third salivary gland. In Halia 
and Marginella this organ forms a siphon opening into the oeso- 
phagus by its two extremities. (5) In Nerita there is also an 
unpaired oesophageal gland, and among the Opisthobranchs one 
finds an azygous dorsal pouch in some Bullomorpha, an oesophageal 
caecum in the Elysiomorpha, and a long glandular appendage in 
the Lophocercidae. 

The terminal part of the oesophagus sometimes presents modifi- 
cations which produce an apparent modification of the configuration 
of the stomach following immediately after. This terminal portion 
is differentiated to form a gizzard with thick muscular walls and 
furnished internally with masticatory teeth or plates. The last 
named are variable in number, and may be simply chitinous 
and pointed or calcified and flattened. This arrangement is found 
in a large number of Opisthobranchs, viz. in the majority of Bullo- 
morpha (Fig. 76, m.j9), including the "Pteropoda Thecosomata" 
(Fig. 60, m.ji), in various Aplysiomorpha, and in certain Nudi- 
branchia Tritonomorpha (Marioniay Scyllaea, Melihe). The muscular 
girdle of this gizzard is also recognisable in a certain number of 
basommatophorous Pulmonates, viz. Aw/phihola, Auricula^ and in 
Limnaea it is differentiated to form two globular and symmetrical 
muscular projections. In consequence of the proximity of the 
specialised portions of the terminal part of the oesophagus to the 
stomach, the latter appears, in certain cases, to be divided into 
several successive portions separated by constrictions, notably in 
Aplysia, and also in Amphibola and Limnaea^ in which the oesophagus 
exhibits an ampulliform dilatation in front of the gizzard. 

The stomach proper consists of a simple enlargement of the 
digestive canal, and its walls are normally and fairly consistently 
thin, especially in the Streptoneura. The internal wall of the 
stomach, however, may frequently be lined by a more or less thick 
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and extensive cuticle, which is generally more fully developed near 
the origin of the intestine, and may extend into i^ as in Palvdina, 
Cydosloma, and certain Piilnionates. Sometimes this lining presects 
a specialisation in the form of a longer or shorter cuticular projec- 
tion known as the crysfalline style, which may be lodged in a thick- 
walled caecum or may project as a rod into the proximal part ot 
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the intestine. This structure is found in various Docoglossa, 
temporarily at least in Fissurella, in Trockm, in numerous Hydro- 
biidae such asBUhynia, Lithoglyplms, Spekda, Tanganyida (Fig. 78,cr,s), 
etc., in the Melaniidao and allied forms such as Paramelania, Nas- 
sopsis, Typhlobia, etc., and in Pteroceras (Fig. 75, cr.s) among the Strom- 
bidae. In many cases the stomach ia fumished with a caecum, 
generally pyloric in position and contiguous to the openings of the 
hepatic ducts. This caecum is coiled in a spiral in many Ehipido — 



THE GASTROPODA 



glossa, viz. in PleuTotomaria (Fig. 127, sp.c), Halwlis, the Turbinidae, 
etc., and in Rassopsis and Chytra (which, according to Moore, possess 
both the spiral caecum and the style-sac), but is simple and straight 
in Ampullaria, a large number of Opisthobranchia, the Limacinidae, 
the majority of the Cavoliniidae, Aplasia, several Doridomorpha (in 
which it is rugose internally, and has incorrectly been described as 
a "pancreas"), and finally in a number of Basommatophora, the 
Limnaeidae, and various Planorbidae. 

The /iiwr or digestive gland constitutes the essential organ of 
digestion. It more or leas completely surrounds the stomach, and is 
_ divided into lobes, the number 

and form of which vary in 
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different groups. Primitively there were two lobes, as in other- 
Molluscs, and this number is, as a rule, retained in the Gastropods, 
but there are very few forms in which the lobes are equal and 
symmetrical, as in Nerilina and Vakala. More frequently the topo- 
graphically left lobe is more deeply involved in the spire, and is 
Urger from larval life onwards than the right lobe in dextral Gas- 
tropods (Figs. 6 1 and 116, B) ; the reverse is the case in sinistral 
fonns. The right lobe may disappear, and the left lobe only persist 
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in Palvdina and Eissoa. But in Otina — a dextral form — ^it is the 
left lobe that is the smaller. The liver discharges its secretion into 
the stomach, but exceptionally it may discharge into the termiDal 
part of the oesophagus or into the intestine {Fhilomi/cus bilineatus). 
As a rule there are two hepatic ducts whose openings into the 
stomach may sometimes be at some distance from one another 
(Natica), but may sometimes be fused as a result of specialisation, 
as in the majority of the Docoglossa, certain species of Murex, and 
some Euthyneura, viz. the Thecosomata (Fig. 60), Ancylus fluviatUis, 
Latia, etc. On the other hand, one of the orifices may be subdivided, 
so that three hepatic openings are formed, as in the Fissurellidae. 
In a few rare cases (Cyclostonia) isolated acini are found on the 
hepatic ducts, recalling the condition common in the Cephalopoda. 
Sometimes the liver lobes cover the whole stomach and open into 
it by multiple orifices ; this arrangement is found in various Opistho- 
branchs, such as Gasiropteron and the Gymnosomata. The extreme 
form of specialisation consists in the subdivision of the whole 
organ into tubes, which, like the gastric diverticula of Polyclads, 
extend through the greater part of the body, and even penetrate 
into external tegumentary appendages. This peculiarity is found 
in many Nudibranchs, viz. the Eolidomorpha (Fig. 77) and the 
Elysiomorpha (excepting Cijerce and Lobiancoia), in which the rami- 
fications of the liver extend into the dorsal papillae, and in various 
Eolidomorpha communicate with cnidosacs, structures of ectodermic 
origin which in turn communicate with the exterior (p. 178). A 
similar arrangement occurs in the Polyclad Yungia. The digestive 
glands secrete a diastatic and peptic ferment, but in addition to their 
digestive properties they exercise, in the Euthyneura at least, an 
excretory function, and they also arrest the action of poisonous 
substances. Lastly, the digestive glands take a share in intestinal 
absorption. 

The intestine proper is a cylindrical tube, generally of uniform 
calibre throughout its course. It is sometimes separated from the 
stomach by a sort of valve. In nearly all cases it exhibits a well- 
marked longitudinal projection, the raphe or typhlosole, along a 
certain part of its course, and in some forms this projection is 
divided into two in such a manner as to form a groove bounded by 
two folds. In herbivorous Gastropods, such as Patella, the intes- 
tine is very long and thrown into coils ; in carnivorous forms it is 
short and often straight as in Pteroceras (Fig. 75), Eolis (Fig. 77), 
Hemifusus (Fig. 99). 

The intestine traverses the ventricle of the heart in most Rhipi- 
doglossa (Fig. 55), the pericardium in Paludina, and the substance 
of the kidney in the Doliidae, Cassididae, Triton, and Ranella. In 
Murex, Purpura, and the Naticidae the rectal portion of the intestine 
is provided with a somewhat ramified gland, known as the anal 
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gland, and in the Fissurellidae there ia a longish glandular caecum 
in the aame position, which opens near the anus and lies alongside 
the rectum as far as the point where the latter traverses the ven- 
tricle. As a rule, the anus opens on the right side of the body (on 
the left side in sinistral forms) and more or less in front But in 
those forma in which the coiling of the visceral sac is diminished or 
lost, this flexure of the digestive canal seems to be effaced and the 
anna lies at the posterior end of the body. This disposition is rare 



in the Streptoneura, but may be seen in Cypraea and Pterotrachea. 
It is, on the contrary, common in the Euthyneiua, occurring in 
Doridium, Rancina, Aplysia (Fig. 154), the Doridomorpha (Fig. 79, 
VIII), Janus, Alderia, lAmapontia, Teslacella, the Oncidiidae (Fig. 59), 
and the Vaginulidae (Fig. 87). 

2. The Ciratlatwy System. — The blood is generally a colourless 
liquid containing amoebocytes. It is red in the genus Planorbis 
(with the exception of P. allms), in which haemoglobin is diffused 
in the plasma. The muscles of the buccal mass are impregnated 
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by haemoglobin in a fairly large number of Streptoneura, «.^, 
Littorina, Bucdnvm, Natica^ etc. In some few Gastropods the blooc 
is of a bluish tint in consequence of the presence of an albuminoic 
containing copper called Imempcyanin, In other cases the blood ii 
coloured by pigments of extraneous origin absorbed by the amoe 
bocytes ; this is the origin of the violet-red colour of the blood o 
Fasciolaria. In various Opisthobranchs, viz. Bullomorpha, Pleurc 
branchidae, Doridomorpha (Fig. 79, XVII), there is a differentiate 
lymphatic gland, situated as a rule more or less anterior to th 
heart on the aorta. In a certain number of Streptoneura thi 
organ consists of a sinus filled with cytogenous connective tissu 
and situated near the kidney ; in other cases it is diffused throug 
the subcutaneous connective tissue. 

The heart is always dorsal and in the immediate neighbourhoo 
of the respiratory apparatus (Figs. 79 and 82). It is only in th 
very archaic forms such as Fleurotomaria and the Fissurellidae, tha 
it is still symmetrical and median as in the Cephalopods, Lame 
libranchs, and Amphineura, otherwise it is nearly always latera 
being situated on the left in dextral forms (Fig. 67). It is general! 
somewhat anterior in position (Figs. 82 and 88), but it may becom 
posterior again as a result of secondary specialisation as in Pterotrache 
(Fig. 143), Testacella^ Oncidium, Peronia, and the Doridomorpha, an 
in the last named it resumes an apparent external symmetr 
(Fig. 79). The heart of Gastropods always includes an ovoid c 
piriform ventricle, and in the Ehipidoglossa (with the exceptio 
of the Helicinidae, Hydrocenidae, and Proserpinidae) two auriclei 
but the latter only retain their primitive symmetry in the Fii 
surellidae, in which the ctenidia themselves retain their symmetr 
and the heart is median. In other Ehipidoglossa, in which th 
heart is no longer median, the right auricle is the smaller (Fi| 
55, VII), and it becomes more and more rudimentary. In all othe 
Gastropods there is only one auricle, situated on the topographical! 
left side (Fig. 82, au) : it is generally larger than the ventricle, hn 
its muscular fibres are fewer in number and its walls are thii 
transparent, and extensible. The ventricle is traversed by th 
rectum in the Ehipidoglossa (except the Helicinidae), and in th 
more archaic forms is placed between the two auricles, e.g, in Pleun 
tomaria (Fig. 127, h\ Trochus (Fig. 55, VIII), etc. In the majorit 
of the Streptoneura (Fig. 99, V), in the Pulmonates (Fig. 8( 
VII), and in some Bulloraorpha — e,g. Actaeoriy Limacina (Fig. 63 
Olio virgida, ai^d Clio acicula — this ventricle is posterior to tt 
single auricle; in some Opisthobranchs (Phyllirhoey Fig. 161) an 
Heteropods the auricle and ventricle are on the same transvers 
line, and in the majority of Opisthobranchs (Figs. 79, III, an 
92, I), the Testacellidae, Oncidiidae, Pterotracheidae, and certai 
Calyptraeidae the ventricle is in front of the auricle. In adu 
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utdiyjdiuls, during normal respiration, the venlricle beate not more 
than DDe hundred times nor less than thirty timee in a minute. 
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The mean frequency of the pulsations is sixty to the minute in 
iorms most easily observed, such as Fulmonates, Nudibranchsr 
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Bullomorpha, Thecosomata, and Heteropoda. During hibematioQ 
the heart of Gastropods does not beat more than twice a minute. 

The Gastropods in general have a well -developed arterial 
system, but the venous system is for the most part lacunar. A 
single artery takes its origin from the end of the ventricle opposite 
to the auricle — or from the posterior end of the ventricle in 
diotocardiate Ehipidoglossa — but in the Docoglossa (Fig. 82) one of 

its branches, namely, the 
genital artery, appears to 
have a distinct origin, as in 
the Cephalopoda. An intra- 
pericardial aortic bulb is 
found at the origin of the 
aorta in Faidla (Fig. 80, V), 
various species of FisswreUa, 
Ampvllariaj Natica, and the 
Heteropoda, and a similar 
Fio. 80. but extra - pericardial bulb 

Heart of PcrfeUa ritZgato, the auricle and ventricle in SvpTwnaria, In Certain 
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muscular columns ; VIII, auricle ; IX pores leading yalvC at the Origin of the 
mto the auricle the blood of the roof of the pallial rL . p 

<»vity. (After wegmann.) aorta. The ramifications of 

the aorta form an arterial 
system extending throughout the body, which is continued into a 
system of interorganic lacunae, without epithelial walls, into which 
the arterial trunks sometimes open suddenly by contractile orifices ; 
for instance, the cephalic artery of Patella and HaliotiSy the pedal 
artery of Heteropods, the cephalic artery of Thecosomata, etc. 
The venous blood is collected from the lacunar system into two 
large and important sinuses — an anterior or cephalo-pedal sinus and 
a posterior abdominal or visceral sinus. These two blood-spaces 
open into an anterior abdominal sinus lying beneath the pericardiunL 
From the last named the blood is carried to the roof of the pallial 
cavity for oxygenation, on the right side by the rectal sinus 
(external to the rectum), on the left side by the more or less well- 
defined lateral sinus which runs along the anterior border of th^ 
mantle, and forms the " pulmonary artery " in Pulmonata. Thus 
the venous section of the circulatory system ends in regular vessels, 
and in Aplysia the great abdominal sinus may be seen to open 
abruptly, by gaping orifices, into the afferent branchial vessel. The 
blood is carried from the rectal sinus to the respiratory apparatus 
by a transverse vessel or by a vascular network which generally: 
forms an afferent branchial sinus running along the whole length or 
the branchia on the right side. But a very large part of th« 
venous blood, larger in the archaic than in the more specialisec 
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forms, passes into the tddaey by means of a portal sy^em, and the 
efferent renal vein generally joins the rectal sinua or is carried 
direct to the afferent branchial sinus (Falvata). The venoiis blood 
0/ the kidney is therefore carried to the respiratory organs before 
it is returned to the heart; but in some Streptoneura (Vermelus, 
LiOorina, Cyclostoma) and in certain Pulmonates the blood is carried 
direct to the auricle without passing through the respiratory 
apparatus. 

The respiration of Gastropods is primitively aquatic and 
remains so in the majority of forms. The organs of aquatic 
respiration consist of a pair of leafy 
expansions of the mantle, situated in 
the pallial cavity and called ctenidia. 
Each ctenidium is the homologue of a 
single branchia of ChiUm (Fig. 28, B, g), 
of NaiUilus (Fig. 276), or of Nueula 
(Fig. 206), but most usually only one, 
namely, that of the topographically li 
side, persists (Figs. 82 and 85). It is 
only in the more primitive Ehipido- 
glossa — viz. the Pleurotomariidae (Fig. 
127), the Fiasurellidae (Fig, 81), and 
the Haliotidae — that a pair of ctenidia 
persists. In the Fiasurellidae these two 
organs are quite symmetrical and of 
equal importance, but in the Pleuro- 
tomariidae and Haliotidae the topo- oanti vicw^o^'i » imeo ot 
graphically right ctenidium is smaller KiroreUa from which the shall has 
than the left, and in all other Gastropoda ST^rSS-.Tift'^hir^^'k^ 
there ia only a single ctenidium, that of f^^^Tic'^uoJ? "t^Z^d^ 
the right side having completely dis- (iircha)ciight)giii-pioin6;e,rBfleeted 
appeared. In all the btreptoneura, the the muitiB-Bip trsvened bj Uii 
Pleurobranchidae, Gadroplerem, and the S'^nueiSi'l^n^ ;''f ^^'j 
Lophocercidae each ctenidium is formed *.iefi(»rtii«ic right) renaiipeinure; 

»1 . ... Pi snout. (After Lankester.) 

of flattened respiratory filaments which 

lie parallel to one another and are disposed perpendicularly along 
one or two faces of a branchial axis. Such a ctenidium ia called 
"pectinate." In the Opisthobranchs — the only Euthyneura that 
possess ctenidia — the ctenidium is a simple flat and projecting 
tegumentary lamina, transversely folded from its base to its ex- 
tremity in such a manner that the ridges of one face correspond to 
the furrows of the other face : such a branchia is called " plicate." 

Among the dibranchiate Aspi dob ranch s, PlmTotomaria, the 
Fiasurellidae, and the Haliotidae have two rows of pectinations to 
each ctenidium, one on either face of the branchial axis (Fig. 81). 
Each ctendium is therefore formed like that of Chiton, Naviilus, or 
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Nveula, and is similarljr free to a greater or less extent at ite 
-distal extremity. But in Seaswella (Fig. 54, lY) the right ctenidium 
is already degenerate in so far that it has only a eingle row of 
filaments inserted directly on the wall of the palHal cavity. The 
other ctenidiate Aspidobranchs have only a single and equdly 
bipectinate ctenidium, aa has also Valvaia (Fig. 133, giy The two 
rows of respiratory filaments are equal in the dibranchiat« 
Bhipidoglossa, in the Acmaeldae and Vdvatidae, but in the mono- 
branchiate Ehipidoglossa the dorsal row — that is to say, the row 
between the mantle and the branchial axis — is alrrady much 
reduced, and in the remainder of the Streptoneura this row of 
filaments has disappeared, as in the right ctenidium of SeisstireUa^ 
and the single ctenidium is attached to the mantle for the whole 
of its length (Fig, 99, XVII). The individual branchial fihiments are 
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usually simple, but sometimes their surfaces are folded, and again 
each filament may be in it^ turn leafy or beset with plications as 
in the Cephalopoda : this condition is found in Jatiihina. Elach 
filament is a simple tegumentary projection without any internal 
endothelial lining. The wall of the blood-space contained in it 
is formed of connective tissue, thickened and compacted along the 
borders of the filament, where it forms a supporting structure, 
specially well developed on the ventral side. By these means 
the rigidity of the filaments, which are often very long as in 
Calyptraea, etc., is ensured. The cavities of the filaments are 
traversed by muscular trabeculae, by whose agency the whole 
filament may be contracted. 

In spite of the presence of ctenidial branchiae, there is a certain 
number of G-astropods in which the oxygenated blood returned to 
the auricle is not derived from these organs alone. A considerable 
quantity may come from various other parts of the mantle, or, in 
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forms m which the mantle has disappeared as a shell -forming 
organ, from the dorsal envelope of the body, which in this case 
serves as an accessory respiratory organ. This phenomenon is to 
be seen in the Acmaeidae (Fig. 82, 'pa.'o\ the Heteropoda, the Pleuro- 
branchidae, and the Pneumo- 
dermatidae, these last-named 
families being naked. In the 
Pleurobranchidae, the Hetero- 
poda, and certain Acmaeidae 
the mantle is no longer fur- 
nished with accessory respira- 
tory structures, but in other 
Acmaeidae, such as Scwria^ 
etc., and certain Pneumoder- 
matidae (Fig. 84, VI, VII), a 
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Fio. 88. 

TritonUi lineata, dorsal view. 
I, rhinoptaore or posterior 
tentacle; II, dorsal appendage 
Cranial gni); III, rigfit eye; 
jV, frontal veil; 0, genital 
fhermapliroditic) orifice. (After 
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Pio. 84. 

Fneuitionodenna, right - side view, 
with the head above. I, the expanded 
proboscis ; II, anterior tentacle ; III, 
posterior tentacle ; IV, genital (herma- 
phroditic) opening ; V, right fin ; VI, 
ctenidium ; Vll, posterior pallial gill ; 
VIII, posterior lobe of the foot; IX, 
reno4inal cloaca; X, lateral margin of 
the foot ; XI, peDial orifice ; XII, 
sucker-bearing appendage; XIII, ven- 
tral median papilla of the proboscis; 
XIV, seat of the mandibles ; XV, ex- 
landed right hook -sack. 



ctenidium, or branchia properly so called, coexists with secondary 
^^spiratory organs or pallial branchiae : these lie below the mantle 
^ge in Scurria and on the free surface of the posterior part of the 
Tbody in the Pneumodermatidae. If the ctenidium is atrophied and 
^iisappears altogether, the mantle itself resumes the respiratory 
ivinction which was previously localised in the ctenidium. This 
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phenomenon may be found both in aquatic species and in forms 
adapted to terrestrial life, the different modifications of the mantle 
being as follows : — 

(1) There may be branchial structures varying in form and 
position, but not homologous to a ctenidium. In the Docoglossa 
these pallial branchiae are situated on the internal face of 
the mantle, as in Patella (Fig. 125,/). In various Gymnosomata 
{ClionopsiSy Notobranchaea, etc.) they are situated on the posterior 
surface of the body as in the Pneumodermatidae. In the majority 
of the Nudibranchs they are on the dorsal surface of the body, 
sometimes localised round the anus as in the Doridomorpha 
(Fig. 79), sometimes concealed below a fold of the dorsal integu- 
ment as in Pkurophyllidia and certain porostomatous Doridomorpha, 
Phyllidia, and Corambe (Fig. 164, g). Or all kinds of accessc»ry 
branchial formations may have disappeared, and the function of 
respiration is distributed over the whole free surface of the pallial 
integuments, as may be seen in various Docoglossa such as the 
Lepetidae and Bathysciadium ; in Firoloida among the Heteropoda ; 
in Dermatohranchus, Heterodoris, the Elysiomorpha (with the ex- 
ception of the Hermaeidae), and Phyllirhoe (Fig. 161) among the 
Nudibranchs ; in the Clionidae and Halopsychidae (Fig. 156) among 
the Gymnosomata. 

(2) An adaptation to a terrestrial life and the pulmonary 
respiration resulting therefrom is found in very different groups 
of Gastropods, but the different stages of evolution are best studied 
in the Streptoneura. In this group certain aquatic and littoral 
forms, though they possess ctenidia, have acquired the habit of 
living for a longer or shorter time beyond the reach of the water. 
This is the case with various species of Littorina (L, rudiSf 
L, neritoides, etc.), Cremnoconchus, Neritodryas^ several Cerithiidae, 
etc. Consequently certain modifications of the internal surface 
of the mantle are induced, in the interior of the pallial or 
respiratory cavity. The filaments of the ctenidium — bipectinate 
in Neritodryas, but monopectinate in other forms — are often 
reduced in height and are prolonged more or less indefinitely on 
the right side of the internal pallial surface to form vascular 
arborisations, as may be seen in the semi-aerial species of Littorina 
(Fig. 85, x) and in Cremnoconchus, Finally, the ctenidium disappears 
altogether, and with it the hypobranchial gland and the efferent 
branchial sinus, and the venous blood of the rectal sinus is con- 
ducted to the afferent cardiac vein (corresponding to the efferent- 
branchial vein) by the system of arborisations that extends over 
the whole roof of the pallial chamber. Such is the case in, 
Cerithidea obtusa, which retains only the vestiges of the anterior 
extremity of the ctenidium. In many aerial Gastropods th^ 
ctenidium has totally disappeared and the roof of the pallial cavity^ 
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is permeated by a rich vascular network (Fig. 86) in which the 
blood is oxygenated. In this manner the respiratory pallial 
chamber is transfonned into a pulmonary cavity or lang, whose 
vascularised surface is irrigated by the blood derived from various 
parts of the body. The " lung " of Gastropoda, then, is not 
a spongy organ, but a cavity 
strictly homologous to the pallial 
cavity. 

The pulmonate Gastropods 
exhibitiug this structure are 
polyphyletic, that is to say, 
they belong to several diSerent 
groups. Among the Strepto- 
neura we find three families of 
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Rhjpidogloasa, viz. the Helicinidae, Proserpinldae, and Hydrocenidae ; 
ai|d three sub-groups of Taenioglosea without probosces, viz. the 
Cyclophoridae, Cyclostomatidae, and Aciculidae ; and among the 
Euthyneura all the Pulmonates proper, including the aquatic as 
wall as the terrestrial forms. In one family only of the Strepto- 
neura, the Ampullariidao, is the ctenidium preserved at the same 
time that a pulmonaiy cavity is present. In this family the pallial 
cavity is divided by an incomplete septum into a lung and a 
branchial cavity, the former being situated to the left of the 
ctenidium. The animal is therefore able to breathe by its gill 
in the Trater, and by its lung when out of the water, the air being. 
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admitted by a very extensible pallia! siphon. In the pulmonat9 
Streptoneura the pulmonary chamber retains the whole of the 
primitive opening of the paUial cavity ; in the Euthyneura, on the 
contrary, the opening of the lung or pneumostome is much 
reduced by the fusion of a large extent of the mantle border with 
the neck of the animal, a fusion that leaves only a minimal but 
extensible posterior aperture (Fig. 177, V) in the neighbourhood of 
the anus. This disposition allows of the blood, on its arrival at the 
^ lung, being carried round a more or less annular circumpulmonary 
venous sinus. In the Oncidiidae the lung is somewhat rudimentary, 
being reduced to arborisations ramifying among the lobes of the 
kidney. . In other Pulmonates such as Ancylvs and the Vaginulidae 
(Fig. 87) the reduction of the lung is carried to the point of 
complete disappearance. Finally, there is a family of Pulmonates 
in which, instead of a vascularised lung, there is a pulmonary 




Fio. 87. 

VagimtUa oocidentalis^ right-side view, with the mantle partially removed on this side, an, 
anus ; aur, anride ; o./, female orifice ; o.r, renal opening in the rectum ; o.r.pt reno-pericardial 
pore ; o,r.Uf orifice of the kidney inthe ureter ; p, foot ; pa, mantle ; pe, pericardium ; r, kidney ; 
re, rectum (the dotted line shows the direction of the intestine) ; ten, tentacles ; wr', ur", 
primary and secondary ureters ; ven, ventricle. 

chamber continued into numerous tubules which penetrate into 
the surrounding blood sinuses : these tracheate Pulmonates are the 
Janellidae (Fig. 90, tr). A large number of Pulmonate Gastro- 
pods, while preserving their aerial respiration, have returned to an 
aquatic life; such are the Basommatophora (Limnaeidae, etc.). 
Among these the marine genera Amphibola, Siphonaria, and Gadinia; 
Limnaea dbyssicola, an inhabitant of deep lakes; and Flanorbis 
nautilus, have a pallial pulmonary cavity which, instead of being 
filled with air, may temporarily or continuously be filled with 
water, as in the larvae of aquatic Pulmonates. Here we see a 
return and readaptation to aquatic respiration, but for all that 
the ctenidium does not reappear, a fact which illustrates the 
irreversibility of evolution. But in these cases respiratory pallial 
outgrowths or secondary branchiae may be formed near the 
opening of the pulmonary cavity or even in its interior. Sucb 
is the contractile extrapidmonary tegumentary appendage at the 
base of which the anus opens in Flanorbis (as this is a sinistral 
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geniis the appendage is to the left of the i)al]ial aperture). Id 
Flamrlns eomeua (Fig. 89, 3) there is a single respiratory lobe, with 
8 richly vascularised surface, and in Anajlus there 1^ a similar 




rt wltiiin tliQ perLcardlum ; <, inaiilLe-akirt ; /, papilla of Uh Urg«r kida«y ; 
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niige of the odontophon 
mc; rd> radnla ; f , ? 
0, gonad. (Alter I 



structure, but the lung has disappeared. In Bidinus, including 
the aub-genera Isidwa, Pvlvwbranckia, etc., and in Miratesta there 
is a folded branchia. In Siphanaria the long plicated branchia 
nhich extends across the interior of the roof of the pulmonary 




<:taTity, between the kidney and the rectum, is of the same 
character. This branchia is situated more posteriorly and to the 
right than the ctenidium of monobranchiate Gastropods (Fig. 174). 
The diverse characters of the respiratory apparatus of Gastropoda 
, mj be advantageously summed up in the following table : — 



io8 



THE GASTROPODA 




C)0 



S 

IS 
•f-i 

•a 

O 






00 



e8 

Pi 



Pi 



THE GASTROPODA 



109 



3. ExeretoTi/ Organs. — In the Gastropoda the kidneys are the 
essential organs of excretion, but the pericardial glands serre as 
Kcessory excretory organs, as also certain parts of the body in 
vhich the products of excretion are collected, forming veritable 
accamulative kidneys. 

(1) The kidneys are originally paired, as in all other Mollusca, 
and a single pair is found (Figs. 55, III, XIII; 81, /, k; 91, 
12T) in all the Aspidobranchia, except the Neritacea, including 
the Neritidae and allied families. These two kidneys open one 
on each side of the anus, but they do not retain their primitiye 
ijmmetry in any Gastropod, and although they are independent of 
mi anoUiBr, the topographically left kidney is rudimentary, and 
tht of the right side alone is functional in almost evety case. 




Tnnsvene g«ctloa of the latia of Jamila. k, nreUr ; pa.c, p&IUaI or pulmciiiur mvity ; m, 
ejonmoBtoniB ; ri, blood sinus ; ir, "trgelio»e"orillT6rtioulaottliB pulinoo»iy taTity. (After 

Xn the Neritacea (Neritidae, Titiscaniidae, Helicinidae, Hydro- 
Oenidae, and Proserpinldae) and in all the Pectinibranchia and 
^uthyneura the topographically right kidney no longer exists. 
Tn Paludina the two kidneys coexist during development, but in 
the adult that of the topographical right side has disappeared. As 
regards the position of these oi^ans, their primitive situation is 
wholly within the visceral mass (Docoglossa, Fig. 88, k), and their 
migration outside the visceral mass is a specialisation which begins 
to show itself in the Rhipidogloasa — at any rate, in the case of the 
left kidney (Fig. 127) — and is completely realised in the case of the 
single kidney in other Streptoneura and Tectibranchia, in which 
the excretory organ is more and more localised in the mantle (Figs. 
75, k ; 63, r). The kidney is always a dorsal organ, situated in the 
neighbourhood of the pericardium, with which it communicates by 
a ciliated aperture. In the detorted Aspidobranchs (Fiasurellidae), 
however, the very rudimentary left kidney has lost this pericardial 
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Gommunication. Eh/aia is exceptional in that the kidney is placed 
below and partly surrounda the pericardium, and the reno-pericardial 
orifices sire multiple, some ten being present (Fig. 92). As a rale 
the external opening of the kidney is situated near the anus (Hgs. 
81 and 88), and sometimeB the two open together into a sort oi 
common cloaca, as may be seen in the Gjrmnoaomata (Fig. 84, IX) 
and in certain Pulmonates, such aa lAmax (Fig. 86, I), the Oud- 
diidae (Fig. 59), and Faginala (Fig. 87), but not in F. wille^ In 
rare cases, however, such as the Nudibranch Janus, the excretmy 



aperture is distant from the 




The external renal orifice k 
borne on a papilla in varioua 
Aspidobrancba with two kidneys 
(Fig. 88, /), but is a simple slit, 
shaped like a button-hole, in 
the majority of Pectinibranchia 
(Fig. 99, IV) and Tectibranchia 
(Fig. 154, o). Among the Pec- 
tinibranchs, however, Paivdina. 
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and Valvala are exceptional in possessing an ureter which opens a^'^ 
the edge of the mantle. The same arrangement is found in duui;>'' 
Pnlmonata, especially in the Stylommatophora, in which an elongate^ 
ureter opens alongside of the anus at the margin of the ptieumcT' 
stome (Fig. 86, V). 

As regards its structure, the kidney in its simplest form is a 
sac lined by a secretory epithelium. By the infolding of its walls, : 
the cavity of the sac is subdivided and the organ acquires an 
alveolar structure of spongy appearance, but in various pelagic 
forms it again becomes more or less tubular and transparent, e,g. in 
the Heteropoda (Fig. 141, q), in certain "Pteropoda" (Fig. 60, i), 
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in Phyllirim (Fig. 161, /). As a rule the kidney is a compact mass, 
without external projections, but it is dirided into two lobes in 
Stenoglossa in general and also in some Taenioglossa, viz. Falvdina 
and Gypraea. In a fairly large number of Nudibranchs (Dorido- 
morpha, Janus, etc.) the kidney is divided into ramifications which 
extend between the visceral organs of the greater part of the body 
(Fig. 79, XIII). In sundry Pectinibranchs — e,g, LUtorina — there 
is a '* nephric gland " which opens into the kidney, and consists 
of cOiated canals surrounded by conjunctive tissue. Jn addition to 
its excretory function the kidney may also serve for the conduction 
of the genital products. Thus in all Gastropoda with two kidneys, 
that is to say, in all the Aspidobranchia (Pleurotomariay Trochus, 
Fig. 55, Fissurellidae, etc.) except the Neritacea, the gonad opens 
into the right kidney by a papilla situated near the external renal 
aperture. 

(2) The pericardial glands in the Aspidobranchs and Valvaia 

are placed on the external walls of the auricles. In other forms 

tliey are localised on the internal wall of the pericardium, as in 

Luiorina and Cydostoma among the Pectinibranchs and in the 

Pleurobranchidae and Nudibranchia among the Opisthobranchs, or 

they are situated within the pericardium on the origin of the aorta, 

as in Aplysiidae. 

(3) Various excretory products may be accumulated in plasmatic 
oells (known as the " cells of Ley dig ") in the conjunctive tissue of 
clifferent parts of the body. This phenomenon is particularly 
Oommon on the walls of arterial trunks, and may be seen in the 
Oaudal artery of Carinaria, and on the wall of the arterial trunks of 
Ciertain Streptoneura and many terrestrial Pulmonates, in which 
oalcareous concretions are found in the perivascular conjunctive 
t:.iBsae. The different forms of excretory apparatus and the special 
^function of each can be revealed by the method of physiological 
injections. 

4. Nervous System. — With the exception of the endoparasitic 
^hitoconchidae, all Gastropods possess a well-developed nervous 
system in which the same cerebral, pedal, pleural, visceral, and 
stomato-gastric nerve-centres, and the same connectives and com- 
missures, are to be found as in other Molluscs. But the special 
character of the Gastropod nervous system is the asymmetry of the 
visceral centres and of the nerves arising from them, an asymmetry 
resulting from that of the visceral organs themselves. The most 
primitive form of nervous system is characterised, as in the Poly- 
placophora, by the absence of concentration in the ganglia. The 
cerebral centres in the Ehipidoglossa are situated at the sides of 
the oesophagus and are united by a long commissure which is 
itself ganglionated (Fig. 94). The pedal centres in Aspidobranchs 
(Fig. 94, pe.c)y Faludina^ and some other taenioglossate Pectinibranchs 
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such aa Cyclop/umts and Cypraea, have the form of long ganglionatet? 
cords with multiple commissures or anastomoses. The pleural 
ganglia are but slightly differentiated in Flewotomaria, in vhich 
genua they are placed on the dorsal pedal connective, at a nearly 
equal distance from the cerebral and pedal centres (Fig. 9i,pl.c). In 
forms in which they are better developed, the pleural ganglia are 
still in intimate contact with the anterior part of the pedal centres, 
and there are two long connectives, the cerebro-pleural and the 
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cerebro-pedal, oa either side of the digestive tube, the pleuro-pedal 
connective being, on the contrary, very short. This arrangement 
is known as the " hypoathroid," and is found in Aspidobranchia 
(Fig. 93) and several Taenioglossa, viz. Ampullaria, Cyclophoras, and 
Nai30psis. As a result of specialisatioa we get the "dystenoid" 
condition, in which the cerebral centres are approximated and the 
pleural ganglia are shifted nearer to the cerebrals, so that the 
pleuro-pedal connectives are elongated (Fig. 123, A). Finally, in 
the " epiathroid " condition, the pleural centres are either in contact 
or are fused with the cerebrals (Fig. 123, B), as is the case in the 
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majority of the Pectinibranchia, including th« Heteropoda, and in 

various Bullomorpha {e.g. Actaeon, Fig. 57) and the thecosomatous 

"Pteropods" among the Opistbobranchia. At the same time the 

pedal gajiglia are concentrated anteriorly to form more or less 

globular masses (Fig. 123, C, pe.g). 

Primitively the visceral commissure is somewhat extensive, and 

ite ganglionic centres are tolerably far removed from one another, 

as may be seen in all the Streptoneura and 

Uie less specialised Euthyneura (Figs. 94, 

57, etc.). These ganglionic centres are 

normally three in number : one is median, 

and ia called the abdominal or the visceral 

ganglion proper (Fig. 93, XI) ; two are 
lateral, placed right and left on correspond- 
ing sides of the visceral commissure. The 
ganglion on the morphologically left side 
may be but slightly developed or may not 
be differentiated at all, as, for example, in 
ttionobranchiate Kbipidoglossa. In con- 
sequence of the torsion of the visceral mass. 
^f Gastropoda, the visceral commissure is 
formally twisted into a figure of eight ; that 
S to say, the right moiety with the visceral 
ganglion is situated above the alimentary 
'Vact and is displaced to the left, the left 
*ioiety remains below the alimentajy tract, 
ikut is inclined to the right (Fig. 57). Hence 
ibe names supra-intestiTtal and infra-intestinal 
».re respectively given to the two moieties HysMm dgraai' wpect. '^^g 
»ndto the ganglia borne on them (Fig. 123). ^"J^fiai™"^"™^';'''™^ 
This disposition of the visceral com- J^^bm "TZi'""''- '*'^'''' 
Diisaure is common to all the Streptoneura u. infni-jnt*stinai portion ot 
Jas the name of the group signifies), in- isbiai conimfB™™';'«"ot(«y»/: 
eluding the Heteropoda and all the forms ^S^'-^^c "^mr'SeSmf- 
lormerly called " Orthoneura," ie. forms in i^-p-^', pieum - jwdii conneo- 
which the visceral loop was believed to have ot'the 'nwerai'"comiDfsBura : 
never been twisted ; it may also be clearly (iLJRM^fflwSilT^"™* 
Been in the more archaic Euthyneura (which, 

as has been explained above, are detorted Gastropods), for instance, 
in various Bullomorpha {Adaeon, Fig. 57, Scaphander, Bulla, 
«t<!.), and in ChUina. But in the three last-named genera the 
detorsion of the visceral commissure is already manifest, that is 
to say, its supra-intestinal moiety shows a tendency to return to 
the lower side of the alimentary tract, and its sub-intestinal moiety 
tends to return to the left side. This detorsion of the visceral 
wmmissure is complete in the rest of the Euthyneura, as may be 
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seen in the Opisthobranohia (Figs. 95 and 159) and the Pnlmonata 

(Figs. 96 and 97). 

Further, in all the Euthyneura but those which are the moat 

primitive from this point of view, such as the BuUomorpha and 
Aplysia among the Opiathobranchs, the 
Auriculidae, Ohilina, and Lalia among the 
Pulmonata, there is a tendency to the 
approximation of the ganglionic centres 
and at the same time a shortening of the 
visceral commissure. This is carried to 
far that the ganglia come into contact 
and form a chain of several united nerve- 
centres between the pleural ganglia (Fig. 
97). When it has reached this stage of 
evolution the whole nervous system i. 
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concentrated in the cephalic region round the anterior part of fc 
oewphaguB, and finally all the ganglia — cerebral, pleural, pedal, a-> 
visceral — are intimately united and localised on the dorsal surface 
the oesophs^s, a condition which may be seen in Pleurobranckus at 
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tie majority of the Nudibrancha (Fig. 159), and is pushed to an 
extreme in Teihys. In this cjtse the pedai and visceral commissures 
are destitute of ganglia or nearly so on the ventral purt of their 
course. It is only in the thecosomatous " Pteropods " that the 
concentration of the ganglia takes place ventrad of the oesophagus, 
the dorsal part of the nervous system being foi-med only by a long 
cerebral commissure (Fig. T" 



In all Gastropoda there 
commissure. In the more primiti 

94) the stomatogastric systei 

Ubial commissure, but in other Gastropods from the cerebral 

ganglia. Normally this stomato-gastric commissure bears a pair of 
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oervB to the osphradluiii (in PJobotWc. tha naphisdiuni and aupra.inteaOnsI ganglion are on 
the Itp. sKle). (Prwn Tjinkester, after Spengel.) 

ganglia situated below the radular caecum at the point of origin of 
the oesophagus from the buccal bulb (Fig. 146, g.lm). 

Aa regards the innervation of the different organs, the cerebral 
centres supply the head and buccal lips, the tentacles and other 
cephalic appendages, the eyes and the otocysts. The pedal ganglia 
send out nerves to the whole maas of the foot, including the epi- 
podium, and to a portion of the cervical region. The mantle and 
the organs connected with it are primitively — as in the Streptoneura 
— almost entirely innervated from the pleural centres, but they are 
also partialiy innervated by nerves which issue from the visceral 
commissure and the supra- and infra-intestinal ganglia, and pass to 
the ctenidia and osphradia. The last-named nerve-centres take a 
preponderant share in the iimervation of the mantle in Euthyneura, 
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especially in the Pulmonata, in which group the pleural ganglia 
scarcely ever give off any nerves. In all the Euthyneura except 
Adaeon (Fig. 57), Chilina, and Latia (Fig. 96) the infra-intestinal 
ganglion is fused with the abdominal (Fig. 97, ab) in such a manner 
that the latter appears to participate in the innervation of the 
mantle — for instance, in the innervation of the inferior pallial lobe 
and the pallial branchia of the Planorbidae — ^and the pallial nerves 
issuing from the left moiety of the visceral commissure originate 
from a special and newly -developed ganglion, viz. the parietal 
ganglion of the Pulmonata (Figs. 96, g.pa ; 97, sp). As regards the 
viscera, the heart, the kidneys, and the gonad receive their essential 
nerve supply from the abdominal ganglion, the alimentary canal 
receives its nerves from the stomato-gastric centres, and these latter 
nerves sometimes exhibit accessory ganglia on specialised parts of 
the alimentary tract, such as the gizzard of Tectibranchia, etc. 

5. Sense Organs. — In addition to sensory cells scattered over the 
whole surface of the body, Gastropods possess special sensory 
organs usually designated by the names rhinophore, osphradium, 
otocyst, and eye. While the whole surface of the integument i 
sensitive, tactile sensibility is more particularly localised in th 
anterior regions of the body : in the head, in the margin of th 
foot (in marine Streptoneura the whole ventral surface of the foo 
exhibits a fine nervous network), and in the regions of the body 
specialised to form tactile appendages of various shape and situa 
tion. Such are the cephalic tentacles — especially the anterior pai 

in quadritentaculate Euthyneura ; the labial palps (Fig. 117, ^'") 

which bear a row of tubercles in some Pulmonates; the peda 
tentacles of Fermehcs (Fig. 4:5, p J) ; the epipodial tentacles' of th 

Rhipidoglossa (Fig. 1 30, XI)^ 
which have ciliated senso 
organs at their bases; an 
the pallial appendages, sue 
as the dorsal papillae of th 
Nudibranchs. 

The Bhinophores, or olfac 
tory organs, as they are called 
P^o- ^8- are likewise constituted b 

Bulla (Haminea) ruiuunUa, right-side view. c.h, the CCphalic tcntacleS, eSPOci 
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neura. The whole surface 
these tentacles is covered by little ciliated papillae, giving them 
silky appearance, in many Ehipidoglossa, e.g. Scissurella, HaMoti^^^y 
Trochus, Gena, MoUeria, Cydostrema, Neritina, in Caecum (Fig. 68, te' 
etc. The olfactory nerve divides into many ramifications which en- 
on the surface of the tentacle in olfactory sensorial cells. In man 
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forms, such as the terrestrial Pulmonata, the majority of the naked 
Opisthobranchia, Cyclostremaf XenopJwrus, and all the Gastropods 
without an osphradium, these ramifications issue from a rhinophoric 
ganglion situated at the extremity of the olfactory nerve. The 
olfactory end -cells are frequently localised in a tract of higher 
epithelium at the extremity of the tentacle, or in a furrow ex- 
cavated in the surface of the tentacle (Pyramidellidae, Fig. 137, te, 
Solarium), and in many Opisthobranchia the sensitive surface of 
this olfactory prominence or cavity is increased by the development 
of numerous parallel pleats or foliations (Fig. 163, t). In terrestrial 
Pulmonates — e.g. Helix — the sense of smell does not extend for a 
greater distance than half a metre, and then only in the case of 
exceptional odours ; the most usual distance at which odours are 
recognised is from one to three centimetres, but certain carnivorous 
marine Streptoneura — for example, Nassa — are able to recognise 
odours at a distance of more than two metres. 

The Osphradia are the sensory organs of the pallial or respiratory 
cavity, and exist in diverse forms. There is a pair of osphradia 
in all the bictenidiate Aspidobranchia and in the Docoglossa : in all 
other Gastropods the osphradium is unpaired. It disappears only 
in some terrestrial Streptoneura (Helicinidae and Cyclophoridae), 
in the Pleurobranchidae, the Nudibranchia, and all the Stylommato- 
phorous or terrestrial Pulmonates ; nevertheless in all the stylom- 
matophora {LimaXy Helix, etc.) the osphradium is present during 
development and during the first few days after hatching. To sum 
up, then, the osphradium is absent in aerial species or in aquatic 
forms devoid of a respiratory cavity, and when it is absent a rhino- 
phoric ganglion is present. An osphradium consists of a specialised 
and usually elevated and ciliated region of the epithelium, in which 
there is an accumulation of sensory cells. In the ctenidiate Gastro- 
pods the organ is situated on the outer side of the ctenidium (Fig. 99, 
XVI). The most simple form of osphradium is seen in the Strepto- 
neura, in which it is not differentiated into a definite organ, but is 
merely a localisation of neuro-epithelial cells on the coiu^e of the 
branchial nerve along the two supporting margins of the ctenidia, 
as in the Fissurellidae, or on an osphradial nerve running along the 
supi)ort and formed by a differentiation of the branchial nerve, as 
in other Rhipidoglossa, or again on a ganglion placed on the 
extremity of this special nerve at the base of the ctenidium. In 
other Gastropods the osphradium becomes a distinct terminal organ at 
the base or at the left (external) side of the single ctenidium, athwart 
the current of water which supplies the latter organ. The osphradium 
may persist in this place after the disappearance of the ctenidium, 
but only in aquatic forms such as the Patellidae, Gymnosomata, 
and basommatophorous Pulmonates. In the most archaic Taenio- 
glossa, viz. Paludina, LMtorirva (Fig. 85, jp.hr), Cyclostoma, Vermetus, 
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the osphradium is a filifonn epithelial ridge, overlying a nerve or 
ganglionated cord. Then, as a result of specialisation and multi- 
plication of its surface, the two sides of the ridge become garnished 
with pectinations, so that the organ acquires a deceptive resemblance 
to a branchia. This condition may be seen in the more specialised 
Taenioglossa, such as Natka, Cerithmm, and the Strombidae, in which 
the pectinations themselves are arborescent ; in Cypraea, in which the 
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organ is trifid ; and in the Eachiglossa (Fig. 99, XVI) and Toxiglossa^*"^' 
In the Euthynenra the osphradium is a simple epithelial projection o^^d^' 
circular or elongated shape, lying above an osphradial ganglion, int*—--*' 
which it is sometimes invaginated — viz, in certain basommatopborouj^^* 
Pulmonates— and the invagination is bifurcated in Limnaea. In tlL-^"* 
last-named genus the osphradium is situated in the pallial cavity, t— ■"" 
the left of the ctenidium ; in the Basommatophora it is close to tli^» * 
pneumostome ; in Sipkimaria (in which the lung is filled with wate^^^/ 
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it is inside the pulmonary cavity (Fig. 174) ; in other forms with an 
aerial lung it is external (Fig. 89, os). 

Cyathiform bodies or gustatory bulbs, formed of taste-cells, are 
found on the lateral and ventral surfaces of the buccal cavity in 
sundry Ehipidoglossa, and at the sides of the buccal aperture in 
some Heteropoda. Analogous bodies have been found on the 
epipodial tentacles of Ehipidoglossa. 

The Otocysts^ or statocysts, are hollow spherical vesicles, whose 
internal walls are lined by a ciliated epithelium containing sense- 
cells. These vesicles contain a liquid secreted by their epithelial 
walls, and in this liquid are calcareous auditory concretions of 
crystaUine structure. There is a single large and spherical con- 
cretion or otolith in the more specialised Tectinibranchs and in a 
few adult Opisthobranchs (Lobiger, the Elysiomorpha, Hedylidae, 
PseudovermiSy Fiona, and sundry Eolidomorpha), (viz. the Tergipedi- 
nidae, Capellinia, Eolidiella, Eolis aurantiaca and E, olivacea, Galvina 
pkta and G. exigua). There are numerous and usually ovoid and 
elongated concretions, called Otoconia, in the Aspidobranchia (except 
Bathysciadium), in some of the less specialised Taenioglossa, such 
as Palvdina, Ampidlaria, Cydophonis, Valvata, Nassopsis, and the 
majority of the Melaniidae, and in the Euthyneura in general, 
with the exception of the Opisthobranchs mentioned above. Oto- 
conia sometimes coexist with an otolith in certain Cerithiidae, 
Turritdla, Doto, and Oncidium, but in all larvae there is only a single 
otolith (Fig. 1 1 6, A, III). Otocysts are absent in the adult Fermetus 
and in some Janihina, In creeping Gastropods the otoliths are 
situated in the foot, in the neighbourhood of the pedal ganglia (Fig. 
93, V), and are often adherent to these nerve-centres. In swimming 
Gastropods, such as Heteropoda, Fhyllirhoe, and Glaucus, they show 
a tendency to approach the cerebral centres, and the same tendency 
may be seen in the majority of Nudibranchs. In all cases the 
otocysts are innervated from the cerebral ganglion, as may be most 
clearly seen when they are at some distance from the pedal ganglia 
(Figs. 123, C, ot', 142, u; 146, at). The neuro-epithelial elements 
are concentrated in a macula acustica, placed opposite the expansion 
of the otocystic nerve, in the otocyst of Heteropoda. 

Cephalic eyes exist in almost all Gastropods, and there are, in 
addition, pallial eyes in certain Oncidiidae. The two cephalic eyes 
are situated on the tentacles, in the Euthyneura on the posterior pair 
of tentacles. In the Streptoneura these eyes are placed at the outer 
side of the base of each tentacle, and are borne on tubercles (Fig. 
44, A, c) which may fuse with the tentacles, and thus, in a number 
of instances, give the eyes the appearance of being placed half-way 
up the tentacles, as may be seen in the Potamidae among the Ceri- 
thiidae, in Cyp'aea, many Rachiglossa, certain species of Conv^ (Fig. 
144, V), and Pleurotoma : in the last named they are very near the 
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extremitisB of the teatacles ib the sub-genera BrUlia and Clavatida. 
The ocular tubercle is better developed than the tentacle in the 
Strombidae (Fig 75 I) and finally the teotacle may be aborted and 
the eye appear to be placed on 
lU summit {Terebellum). It is 
really placed on its summit in 
Assimtnea and in the adult ter- 
reetnal Pulmonates or Stylom- 
matophora (Figs. 172, 177), 
but during the development of 
these forms it is some diatance 
removed from it. In the basom- 
matophoFDus Pulmonates, and 
in the Opisthobranchia the eye 
IB at the b^e of the tentacle, 
AiiaiKctonofthfleyeof ifwiMw m*i(™m and in the latter group some- 
iv°^klfdian 'layer "'rods""' '"' "''"'' '^'"-^- times at somc distance from it^ 
and often buried beneath the 
integuments, especially in the Nudibranchia. As regards its struc- 
ture, the Gastropod eye typically consists of a retina or iovagiuation 
of the tegumentary epithelium, in which sensory and pigment cells 
may be distinguished. The former are known as retinophora and— 
are colourless ; their free extremities are much contracted, and their"" 
opposite extremities are continuous with prolongations of nerve — 
fibres. The latter, or retinulae, have expanded free extremities, and — 
surround the retinophora. As these two kinds of cells arise by tfae^ 
differentiation of normal epithelial cells, they may not in all case^ 
possess sharply defined characters, and may pass insensibly into^ 
one another : the colourless cells actually appear to be absent inM 
the eyes of certain Opisthobranchia that are buried beneath th^ 
integuments. The visual organ is completed by accessory structures^ 
of cuticular nature, secreted by the epithelium, and are more dis — 
tinot from one another in proportion as the eye is more highly^ 
specialised. These cuticular structures comprise the layer of rod^ 
and the refracting bodies properly so called. The layer of rods, oeS 
retinidia, caps the epithelial cells of the retina. These rods, little 
developed in the Aspidobranchia (Fig. 100, IV), attain their higbesV 
degree of speciaUsatioii in certain Eachiglossa (Strombidae) and in th^ 
Heteropoda (Fig. 101, E, VII). In the last named they are disposed^ 
in furrows perpendicular to the optic axis, an arrangement analogous 
to that found in another pelagic Gastropod, Gastropleroii. Th^ 
refractive elements are the crystalline lens — a spheroidal bod^S 
formed of concentric layers, which does not as a rule fill the cavit^^ 
of the eye — and a less dense cuticular substance, known as th-^ 
vitreous body, which surrounds the crystalline lens. In its mo*"< 
primitive condition the visual organ consists simply of an entirely 
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retinal or pigmented invagination, still widely open to the exterior, 
whose epithelial cells are covered by a layer of rods, but the 
crystalline lens and vitreous body are altogether absent : this con- 
dition is realised in the Docoglossa. In a more advanced stage of 
specialisation the margins of the invagination become approximated, 
so that the ocular cavity, whose walls are pigmented throughout 
their extent, retains a small external aperture, through which water 
is admitted to bathe the crystalline lens : this condition may be 
seen in certain Ehipidoglossa, viz. Fleurotomaria, the Haliotidae, the 
Trochidae (Fig. 100), the Stomatellidae, and the Delphinulidae. 
Finally, the aperture of the ocular cavity is closed, and the crystal- 
line lens is covered in by two superimposed transparent epithelial 
layers, separated by a transparent layer of connective tissue. These 
two layers are (1) the internal cornea or "pellucida," a layer of 
small extent which is simply the anterior continuation of the 
retina, the two together forming the internal wall of the ocular 
sphere ; and (2) the cornea proper, which is external, and continu- 
ous with the tegumentary epithelium. This form of eye is found 
in all the Ehipidoglossa, with the exceptions mentioned above. In 
most other Gastropods the structure of the eye is practically the 
same as in the Ehipidoglossa with a closed cornea, with this differ- 
ence, that the pellucida is more and the pigmented retina propor- 
tionally less extensive. The retinal area becomes more and more 
restricted in proportion as the eye becomes more specialised — e.g. 
the Heteropoda — or ceases to be functional, e.g. GuivUlea. There 
is often a blood space above the pellucida, as may be seen in 
Dolium, the Heteropoda, the Elysiomorpha, and the Basommato- 
phora. As regards the function of the eyes, it has been experiment- 
ally demonstrated that aquatic Gastropods are incapable of dis- 
tinguishing the form of objects, while the terrestrial species are 
able to distinguish them at a distance of one or two millimetres. 
The eye becomes rudimentary when it is buried in the integuments ; 
and further, it diminishes in size, though retaining its pigmenta- 
tion, in the following burrowing Gastropods : several Naticidae 
{Natica alderi, Amaura, etc.), various Bullidae {Scaphander, Philine, 
Doridium, Crastropteron, etc.), the Pleurobranchidae, many Nudi- 
branchs, and some Pulmonates, viz. Siphonaria, Auricula rmdae, 
and A, jvdae. The eye may also become rudimentary through loss 
of its retinal pigment, while still retaining its superficial position : 
this is the case in species living in situations beyond the reach of 
the light, whether they be abyssal species {Guivillea) or inhabitants 
of subterranean waters (BUhynia pellucida). Finally, regression 
may be carried so far that the eye, as a consequence of functional 
disuse, is wholly wanting in the adult state. This phenomenon 
may be seen in burrowing forms, such as various Naticidae, sundry 
species of Terebra, the Olividae (Olivella, Agaronia, Andllaria), certain 
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Marginellidae and BuUia ; in subterranean Pulmonates, sucli as 
CaedlianeUa and Hdix kaufeni; in abyssal Gastropods, such as 
LepeUi, Pnqnlidivm,, Bathysciadium, Punclurella, CocaUina, a species of 
Enlima, Chorisles, Oo(xrys, some species of Fossarus, Addisotiia, a 
species of Ghrysodonan, Pleuroloma nivalis, Ba&ydoris, and Qonieolis ; 
in internal parasites, such as the Entoconchidae and Enh- 
sipk/m ; among pelagic Gastropoda in Janihina and the " Pteropoda." 
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In addition to the cephalic eyes, certain species of Oncidiid^^^* 
(Peroniu) possess a large number of pallial eyes, situated on tubercl—^ ^ 
on the dorsal surface. Structurally these organs are charact^^^'"" 
ised by the fact that the retinal cells are reversed and their Ir^^^^ 
ends are directed towards the interior of the body, the optic nei ^^*'* 
traversing the retina. Just as is the case in the vertebrate eye. T^^^^ 
optic cavity is filled by a crystelline lens formed of a few lai^^I* 
transparent cells. Another example of a pallial eye is found ^o 
t'eritkidea obhtsa ; in this ease it is single, situated in the interior ^ 
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the respiratory cavity at the anterior extremity of the osphradium, 
and in it also the optic nerve traverses the retina. 

6. Rejproductive Organs, — The Streptoneura are dioecious, with 
the exception of the genera Bathysciadiwn, Cocculina, Valvata^ Mar- 
smina, Oncidiopsis, Odostomia, Entodphon, Entoconcha, and Enteroxenos, 
All the Euthyneura are monoecious. 

In the dioecious Gastropoda sexual dimorphism is generally 

very slightly marked. The males are externally recognisable only 

by the penis, when this organ exists ; their shape, however, is more 

elongate than that of the females, and their greatness is often smaller, 

as, for instance, in Rhipidoglossa, Paludina, Littmina, various species 

of Crepidulay PUv/rotoma^ etc. : the most typical case in this respect 

is that of Lacuna pollidula (Fig. 7), in which the females are on 

the average ten times as heavy as the males. In addition, sexual 

differences are sometimes found in the aperture of the shell (Littorina 

obtusata), in the operculum (some species of Centhium^ Quoy and 

Gaimard), in the radular teeth (certain Buccinidae, Troschel), in 

tie absence of the pedal sucker in the female Pterotrachea, of ten- 

tiacles in the female of some Firoloida, and of the slit in the mantle 

in the male Vermetus. 

The gonad is always unpaired, even in the most archaic Aspido- 
iDranchia. It is generally placed on the dorsal side and at the 
summit of the visceral mass. It has the form of a racemose gland, 
xnade up of a great number of acini, and it may be compact or 
arborescent, with ramifications extending over and into the liver 
anass. In Aspidobranchia such as Pleurotomaria, the Trochidae, and 
IFissurellidae the gonad opens into the reno-pericardial duct, in the 
same manner as in some protobranchiate Lamellibranchs, viz. 
Solenomya. In all other Aspidobranchs, except the Neritacea, the 
gonad discharges into the kidney. In the Neritacea and Pectini- 
branchia the reproductive apparatus always possesses its own proper 
orifice, and there is a genital duct of greater or less length, which, 
however, is incompletely closed in various Melaniidae, Cerithiidae, 
Turritellidae, and Vermetidae. This duct opens into the pallial 
cavity to the right of the intestine in both sexes in the Ampul- 
lariidae, and in such forms as have not acquired a penis, that is to 
say, besides the four families mentioned above, in the Capulidae, 
Hipponycidae, and Solariidae. In all forms the male duct or 
spermiduct differs from the female duct or oviduct in the fact that 
it terminates in a copulatory organ (Fig. 99, XI). In its less special- 
ised form the spermiduct is continued into a seminal furrow or groove 
(Pig. 85, v.d') which extends from the primitive genital orifice to 
the extremity of the penis, and is capable of being closed for part 
of its course, remaining open only in the neighbourhood of or on 
the penis. This condition is found in a large number of Taenio- 
glossa, viz. AmpuUaria, the Littorinidae, Modulidae, Struthiolariidae, 



124 THE GASTROPODA 

Chenopodidae, Cassididae, Doliidae, Trotonidae, Naticidae, Cyp- 
raeidae, Calyptraeidae, Xenophoridae, Strombidae (Fig. 76, s,gr) ; and 
in some Stenoglossa, viz. the Muricidae, Magilus, Vbluta, Lyria, the 
Harpidae, Terebra, and in all the Heteropoda. In all other forms, 
that is to say, in a certain number of Taenioglossa and almost all 
the Stenoglossa, the spermiduct is closed in for the whole of its 
extent and the penis is hollow (Fig. 44, h). Thus the male orifice is 
secondarily removed to the extremity of the penis, and consequently 
is at a considerable distance from the primitive position of the 
genital aperture, a position which is retained by the female aper- 
ture. A penis exists in the Neritacea among the Rhipidoglossa, 
and in all the Pectinibranchia, with the exception of those families 
of the Taenioglossa enumerated above. When it does not exist 
copulation cannot take place, and the ova are fertilised in the sea 
by contact with the spermatozoa emitted by the male. The penis 
exists only in a rudimentary form in sedentary species, but in all 
others it is a well-developed, non-invaginable excrescence, situated 
on the right side of the anterior part of the body, except in cases 
of situs inversus, when it is on the left. All the aerial Streptoneura- 
are necessarily provided with a penis, since in them copulation i 
indispensable. But the penis is not homologous throughout th 
group; it is developed at different parts of the body, at the poin^ 
where the spermiduct ends. Thus the Neritacea have a cephalic peni& 
as has also Faludina, whose penis is a part of the right tentacle. Ii^" 
the Ampullariidae and Cyclostomatidae the penis is developed fronr= 
the mantle, but in all other forms it is exclusively of pedal origin- 
Sometimes it is provided with an external whip-like appendage oi^ 
flagellum : such is the case in many Taenioglossa, viz. nearly al. - 
the Littorinidae except Cremnoconchus, in Dolium, and especiall3;^^ 
in Hydrobia, Bithynia, the Naticidae, the Lamellariidae, and th^3 
Heteropoda. 

The genital ducts are rarely provided with well-differentiatecE^ 
accessory organs in the dioecious Gastropoda. In certain cases ther^ 
is a glandular tract in the oviduct, which is sometimes specialised^ 
to form an albuminiparous gland (Ampullaria, Faludina, th^ 
Naticidae, Lamellariidae and Calyptraeidae, Triton and Cassida/ria) ^ 
There is a copulatory pouch or receptaculum seminis in th^ 
Neritacea, Paludinidae, Cyclostomatidae, and Heteropoda. In som^- 
Neritacea — viz. Neritina, Nerita, Navicella, etc. — the receptaculum^ 
has its own external opening distinct from the oviducal aperture ^ 
this probably corresponds with the right kidney of other Rhipid 
glossa, which in this case has been lost by the male sex (Thiele]^ 
In some freshwater Taenioglossa, e,g, Tanganyida (Fig. 78) an^- 
Melania episcopalis (Fig. 109), the oviduct is continued into a ciliate 
groove which leads to an incubatory pouch situated in the h 
this pouch has been homologised with the penis by Moore. 
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males of Ampullaiia and the Heteropoda also possess a vesicula 
BeminaliB, and the penia frequently is furnished with well-marked 
superficial glands (Littotinidae, Cassis, Terebra, and the Heteropoda). 
In some TaeniogloBsa, such as Paludina and PteroceraSj and in 
several Stenoglossa, such as Murex, Nassa, Furpwra, etc., there are 
two kinds of spermatozoa, the one normal and filiform, the other 
vermiform ; the function of the latter kind is not yet explained. 
In Pedudina, for example, these two kinds of spermatozoa exist in 
equal quantities, but the filiform kind, with a single cilium, 
originate from spermatids which have increased but little in size 
during the growth period, and contain the normal quantity of 
nuclear substance : these are the eupyrenic spermatozoa of Meves. 
The vermiform spermatoBoa, on the other hand, have about six 
cilia apiece, originate from spermatids which have increased largely 
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in size during the growth period, and contain only a small quantity 
of nuclear substance : they are known as oligopyrenic spermatozoa. 
In the monoecious Gastropods the gonad ordinarily occupies 
the same position and has the same relations as in the dioecious 
Streptoneura, but it may be much more subdivided, especially in 
certain Nudibranchs, viz. PkylUrhoe (Fig. 161, y) and Elysiomorpha. 
It has always a duct with its proper external orifice and a penis 
vhich is invaginable in most Enthyneura, but this latter oi'gun is 
absent in hermaphrodite parasitic Streptoneura. The gonad diflers 
from that of the dioecious Streptoneura in producing ova and 
spermatozoa in the same individual. In the most simple arrange- 
tUent the two kinds of genital products are developed side by side, 
aa may be seen in Valvals and in the majority of the Tectibranchia 
and Pulmonata (Fig. 102, A). In the more specialised condition 
there are male and female acini, the latter opening into the 
spermatogenoua sacs in Oncidiopsis, the Pleurobranchidae, the 
"loaiority of the Nudibranchia (Fig. 102, B), with the exception of 
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the Elysiomorpha. Entoconclui, Enteroxenos, and Bathysciadium are 
the only genera in which the male and female acini are quite 
distinct. In its most primitive condition the genital duct is 
hermaphrodite, that is to say, it is a spermoviduct throughout its 
length, and is therefore called monaulic. It generally is provided 
with an internal double longitudinal fold. The hermaphrodite 
aperture is situated on the right side, near the opening of the 
pallial cavity, and is connected by a ciliated seminal groove with 
the more anteriorly situated penis. This condition is found in the 
Bullomorpha (Fig. 98, s.g) in general, including the Thecosomata ; in 
the Aplysiomorpha (Fig. 154, i), including the Gynmosomata (Fig. 
84, IV, XI); and in the Pulmonata Pythia (Fig. 171). The edges of 
this seminal groove unite to form a complete tube in CavoUnia longi- 
rostris among the Bullomorpha, and among the Pulmonata in all the 
Auriculidae except Pythia, and as a consequence the primitive 
genital aperture serves only for the emission of the female pro- 
ducts, the male products passing through a sp6rmiduct closec3L 
throughout its extent. In subsequent stages of evolution of th ^ 
genital duct the spermiduct takes its origin from the hermaphro- 
dite duct above the external opening : this latter duct, therefore, 
bifurcates or becomes "diaulic," the female branch of the du(3t; 
opening by the primitive hermaphrodite orifice. This condition i s 
characteristic of Valvata and Oncidiopsis (Fig. 103), of Actaeon an.ci 
Lobiger among the Bullomorpha, of the Pleurobranchidae and the 
Nudibranchia except the Doridomorpha and most of the Elysio- 
morpha, and of the Pulmonata. At the point of bifurcation the 
male and female sections of the duct are separated by a narrow 
slit, which only allows the spermatozoa to pass. In this case 
therefore, as in the dioecious Gastropoda, the female orifice 
remains in the same place as the primitive genital aperture, and 
the male orifice is carried far forward, to the extremity of the 
penis. The two external orifices, male and female, are thus at some 
distance from one another, as may be seen in Valvata, Oncidiopsis 
(Fig. lO'S, f.o, pe), the Basommatophora in general, the Oncidiidae 
(Fig. 59, o.f, o.m), and Faginula (Fig. 87, o.f). But the female 
aperture itself may be secondarily shifted from its original position, 
and come so near to the penial aperture as to be contiguous to it, 
a condition found in the Pleurobranchidae and the Nudibranchs in 
general ; or the two apertures may reunite in a common cloaca, as 
in the Stylommatophora (Fig. 177, II), Siphonaria, and Amphibola, 
In these various cases the female duct, like the hermaphrodite duct 
of the monaulic forms, bears a bursa copulatrix or receptaculum 
seminis, which in certain stylommatophorous Pulmonates, such as 
Helix aspersa, Clausilia, etc., is provided with an accessory branch 
(Fig. 104, B.s). 

A third differentiation of the genital ducts is brought about 
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irben the female duct becomes bifurcated through the separation 
I 0/ the bursa copulatrix, the latter acquiring a separate external 
aperture but remaining in connection with the oviduct by its 
deeper extremity. In this manner two female orifices are 
formed ; the one is the copulatory orifice, the other is the 
Dviducal orifice serving for the passage of the ova. The genital 
duct is thus trifurcated or " 



condition which is not 
any Pulmonate, but i 



found 

ix>nfined to certain Nudibranehs, 
riz. the Doridomorpha and the 
majority of the Elj'Biomorpha 
(Fig. 105). 
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The penis is invaginable in all the Euthyneura with the 
exception of Actaeort (Fig, 148, VI) and UjiibreUa. It is a pedal 
structure in nearly all Opiathobranchia, but in Umbrella it is 
cephalic. In the majority of Pulmonates the penial nerve arises 
from the cerebral ganglion, but the fibres of the nerve originate 
from the pedal and only traverse the cerebral ganglion. In 
monaulic species the penis often bears an appendage, and 
occasionally chitinous accessory structures : there is a single 
atylet in several species of FlanorUs, in Glaucus, and many other 
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Nudibranchs, the Btylet being contained in a special pouch in. 
certain species of Doris : in some other Nudibranchs there are 
multiple stylets. 

In addition to the bursa copulatrix, there are numerous and 
various accessory genitel oi^ans in the hermaphrodite Gastropods. 
An albuminiparoua and a mucous gland are found on monaulic ducte, 
generally near their distal end (Fig. 171, 
muc). In the dianlic Pulmonata there 
is a large albuminiparous gland on the 
hermaphrodite section of the duct (Fig 
104, E.d), and on the female part of the 
duct of Basommatophora there is an 
albumen gland corresponding to the 
uterine glands of Stylommatophora (Fig. 
104, m). The diaulic and triaulic Opis- 
thobranchs have also contiguous albumen 
and mucous glands on the oviducal part, 
of the genital duct. The terminal portioit 
of the oviduct of Stylommatophora i^ 
further provided with a glandular zoix^ 
{Zmtiles), or with two multifid vesicles 
jjj, j^ with a variable number of ramification- s 

;.i™,x,~<i«,«prod«ctive.pi«m- i^^- 1^*' -*)■ Opening between tit* 
tus, dorsal Bspoct. 'i.d, sibninini. two is a special pouch — Seemingly ^3 
^Mdl 'k."d, ii8SphnSI'Mo''duct^ specialised multifid vesicle, which secretes 
SnV;;i;n*SfA'^;id3rm»; ^ sharp calcareous dart (Fig. 104, p.*r>. 
taw^^j'reVa ucu^m'spinTnfa^ Before copulatiou the dart-sac is evagia- 
apermiduet; Bo, vulva. ' ' ated together ivith all the terminai 

part (vestibule) common to the repro- 
ductive organs, and the dart, which is caducous, pierces the 
skin of the conjugate. The spermiduct is sometimes furnished 
with a more or less elongate "prostate" gland, as in Valvata, 
Ortcidiopsis (Fig. 103, pr). Various Bullomorpha and Elysiomorpha 
(Fig. 105, pr). The penis of certain Stylommatophora is provided 
with a long hollow caecum, the "flagellum" (Fig. 104,^), in the 
interior of which is secreted the spermatophore or capreolus. 
This is a thin-walled chitinous tube closed at one end and cleft 
at the other and filled with a quantity of sperm. When there is 
no flagellum the spermatophore is formed by the deeper portion 
of the penis. Sometimes the sperm atop h ores are furnish«l with 
denticulations and even with arborisations (Fig, 106). 

The hermaphrodite gland (gonad) does not liberate ova and 
spermatozoa simultaneously, the discharge of the former occupying a 
very short time after copulation. Generally speaking, the hermaph- 
roditism is protandrie, the spermatozoa being the first of the 
genital products to come to maturity. This hermaphroditism is 
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not self-sufficient, and the union of two individuals is neceseaiy for 
/ertilisatdon. There are, however, instances of Pulmooates which 
liBve been inaolated from the time of birth and have nevertheless 
laid eggs which have developed (Zoniles cellarius, Limnaea). In all 
species possessing a penis, fertilisation is cfTected hy copulation ; 
ID apeciea without a penis — e.g. Falella — artificial fertilisation 
ii possible. During the venereal act the penis is thrust into 
the bursa oopulatrix, when this latter structure is present, and 
diacharges into it a quantity of sperm which subsequendy fertilises 
the ova during their passage down the oviduct. Copulation and 
the act of oviposition that foUovFS it take place at various seasons. 
In temperate regions they continue from early spring onwards, 
eUending even into the winter, as is the case in Patella in the 




Spemutopfaon of Haaiaa 
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AtUntic and Trochus striatus in the Mediterranean. In the 
stylommatophorous Pulmonates with a common genital orifice, the 
two copulating individuals mutually fertilise one another, each 
one acting as male and female, and the same is the case in the 
majority of Nudibranchs. In the hermaphrodites with distant 
genital apertures the same animal may act aa male and female, 
but as a rule not simultaneously, unless, indeed, it unites with 
two or more individuals to form a chain, as may be seen in 
lAmnaea, the Aplysiomorpha, etc. The copulation of two 
individuals is effected in the same manner as in the dioecious 
Gastropoda (Fig. 107). 

III. Embryology. 

The eggs may be laid or may develop within the maternal 
organism. In the oviparous species that do not copulate, the 
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unfertilised ova are generally laid one by one and are not united, 
by an accessory envelope (Patellidae, HaliotiSy certain Trochidae of 
the sub-genera Gibhula and TrocJwcochlea), but in Fissurella and in 
Trochidae of the sub -genus Zizt/phinus they are united by a 
gelatinous investment. In the species that copulate the ova are 
deposited within a few days after the act of copulation, the time 
varying from one day in sundry Nudibranchs to as many as fifteen 
days in some species of Helix. The nidus may assume very various 
shapes. In aquatic species the shells surrounding the eggs may 
be embedded and united in a single gelatinous mass, which may be 
ribbon-shaped, more or less coriaceous, attached in littoral species, 
floating in pelagic species. This is more especially the case in the 
Euthyneura — viz. in the Basommatophora and Opisthobranchia, in 
which the ribbon is often coiled into a spiral — and also in many 
Taenioglossa (Littorinidae, Kissoidae, Hydrobiidae, etc.). In such 
cases each egg-shell contains a single ovum. Again, the egg-shells 
may be coriaceous (Rachiglossa), more or less independent, simply 
attached to one another {Buccinmn, Fusus, Fyrvla), or fixed side by 
side on a common support (Purpura^ Mwex, Ndssa, Fig. 108, 
Trophon, Voluta, etc.). In this case each shell contains a consider- 
able number of ova, but all of them do not complete their develop- 
ment. As special forms of nidus may be mentioned that of 
Natka, in which the eggs are united by agglutinated sand into a 
horny-looking ribbon coiled in a ring; that of Lamellaria, whose 
eggs are deposited in a sort of nest excavated in colonies of 
Synascidians. Finally, various forms of Streptoneura attach their 

eggs to various parts of their bodies, and 
thus appear to be more or less incubatory, 
as, for instance, Hipponycidae and Capu- 
lidae (in Calyptraea the eggs are attached 
below the neck) ; or they may attach them 
to the external surface of the shell, e.g, 
Nentina, Hydrdbia ulvae, and in excep- 
tional cases Bissoa ; or to the internal face 
of the shell, e.g, Vermdus (Fig. 45, <yo). 
In the oviparous Janthinae the eggs are 
attached to the float (Fig. 135, b). 

The stylommatophorous or terrestrial 
Pulmonates generally lay in the earth 
isolated ova enclosed either in a gelatinous 




ov 
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X 12. 0, aperture ; ov, eggs. envelope (Limax, ctc.) or m a calcined 

shell, e.g. certain species of Helix, Testacella, 
etc. In Bulimus these eggs may attain a length of three centi- 
metres, thus exceeding in size the eggs of many birds. The eggs 
of Amjmllaria have also a calcified envelope ; they are laid in 
the water and are agglomerated together. When Succinea lays its 
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^ in the water it surrouDds them with a gelalinouB mass, like 

(lie baaomiuatophoroua Fulmonatee. 

In the ovoviviparous Gastropoda the progeny are bom living 
after undeigoing their development within the parent. They 
develop in the terminal portion of the oviduct in the following 
Streptoneura : Pahdina, Tt/phobia ; various species of Melania 
(Fig. 109), LUknina, Cymba, Janthina, Nassopsis, and the Entocon- 
chidae ; in the Opiathobranch Halopsyche ; and in numerous Ful' 
monates — viz. Glaniina algira, lihytida aequalis, Selenites voyanus, 
Stlix rupestris, H. itwersicobr, II. inaeqaalis, II. unidentaia, H. 
aronea, H. ituderiana, Paivla cooperi, Acanthinula harpa, the genera 
Fartida, Balea, Coeltaxis, Pupa muscorum, P. umhilicala, P. ci/lindTacea, 
CtausUia veTUricosa, C. similis, Achalina alabaster, and A. zehra, 
Stenog^a mammUlata (Fig. 8), S. octona, S. lerebra^er, S. domini- 
aensis, S. decollala, S. laTnelUUa, Femssada folliculus, F. lamelU/era^ 




MiUmfa itplKojiiiHj, out of it« (hell, ehowinB tie remale genlUl mppuatua, right-side iitew. 
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F. proceruia, F. debilis, Faginula vimpara. The embryos develop in 
a special incubatory pouch excavated in the interior of the foot 
and connected with the extremity of the ciliated canal which passes- 
from the female orifice to the head in Melania episcopalts (Fig. 109, 
h.p.) and Tanganyida rufofilosa (Fig. 78, b.p). 

In viviparous Gastropods the ovum contains but little yolk, 
but in other forms the quantity of deutoplasm is greater, and is 
especially large in a number of Bacbiglossa, such as Nassa, etc. 
The segmentation of the ovum is always total, and, except in cases 
in which the deutoplasm is scanty {Palvdtna}, it soon becomes 
irregular. As a rule in Aspidobranchia, Taenioglosaa, -and Pul- 
monata, the two first cleavage planes are meridional, the first 
separating the right and left halves of the future animal. The 
third cleavage is equatorial and cuts oil the micromeres at the 
animal pole from the macromeres at the opposite pole, so that, as 
a rule, there are foiu: macromeres from the beginning (Fig. 9, A, B). 
These macromeres give rise to two more generations of micro- or 
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ecto-mereB, and the latter proliferate very rapidly. In such fonns 

as PtUella, PlanorUs, and Limax, the blastula formed in this Hianner 




DevelopmeDt of the rivei-Bnsil {Paisditui tivlpara). In whicb the looutb and stomodaeum 
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contains a large blastocoel between the micromeres and macromeree, 
but in other Gastropods this cavity is much reduced. In some 
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t)^ Buch as Palvdina, Planorbts, etc., the endoderm formed by the 
macromeres is mvagin&ted into the ectodermic layer formed by the 
micromerea, but in many cases, in consequence of the far more rapid 
multiplication of the micromerea and the much larger size of the 
fflacromeres, gastrulation is effected by epiboly, and. the endoderm is 
invaginated at a later period ; in this case the endodermic cavity 
or enteron is of smail size. In most cases the blastopore closes, 
and the definitive mouth is formed by a new invagination at the 
point of closure : it is only in Palvdina that a portion of the blasto- 
pore remains open and becomes the anus (Fig. 110, C, U; F, an). 
The mesoderm is formed as two primary mesomeres from the more 
posterior of the two primitive macromeres (Fig. 11, mes). The 
luesodermic organs (definitive kidney, heart, etc) do not arise until 
Et late period, their place being taken, during the development, 
loy provisional larval organs, 
such as superficial contractile 
sinuses and larval kidneys 
CFigs. 114, 118). 

The ciliated trochosphere 
larva is sometimes consti- 
tnted at a very early period, 
Ixfore the formation of the 
weaoderm — e.g. in Patdla, 
Jmaea, and Trockus — and in 
ench cases the embryo be- 
comes free at once. But in 
iSMt cases the larva is not 





hatched out until a much later period, and a large part of the 
development is efiected within the egg envelope. The larva — whose 
shell is often different from that of the adult — is characterised by 
its velum and by some other external or superficial larval organs. 
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The vehon is the locomotory ciliated ring, which arises antero— 
dorsally (Fig. 110, C, vr) and circumscribes the apical area. As in. 
the Amphineuiu, it is only slightly prominent in the most archaic 
marine Aspidobranchia {Patella, Fig. li, Acmaea, Trochus, Fig. Ill, 
w), but in other. Gastropods it becomes more and more prominent, 
and eventually gives rise to a natatory velum formed of two 
lateral lobes with ciliated margins (Fig. 112). These lobes may 
in turn be subdivided into two (Fig. 121, tie) or three secondary 
lobes (for example, in Atlanta and in "Etkella," a larval form, 
attributed to one of the Strombidae). In viviparous species, or in 
forma like Centa and the Pulmonata, in which the young ar^ 
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hatched in the adult condition, the velum becomes rudimentary or 
disappears altogether ; in the Basommatophora (Fig. 119, A) it is 
developed to a slight degree, but only on the sides, and is not con- 
tinuous ; in the Auriculidae, Siphonariidae, and Oncidiidae, however, 
all of which are marine, a normal velum is preseift ' 

The foot is always very short at first (Fig. 1,/), being repre- 
sented by a mere papilla, which in sundry instances is formed from 
two paired rudiments (Fig. 113, II) situated between the two ex- 
tremities of the primitive blastopore when this latter structure 
is elongated. The operculum is formed early, and exists in all 
testaceous larvae, even in cases in which the adult possesses neither 
shell nor foot : the only exceptions to this statement are the 
Pulmonata (excepting the Auriculidae, the Amphibolidae, aiid the 
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Sipiionariidae), the Gavoliniidae, and the Oymnosomata. The 
pedal glands are formed bv ectodermic invaginations, and in some 
species exist in the larva though they are absent in the adult 

The preconchyhan invagination or shell-gland (Fig. 110, sh.gt) 
appears at the beginning of development in the centro-dorsal area 
ixthind the velum, on the side of the body opposite to the blastopore. 
It is surrounded by a ndge which gradually extends over the visceral 
sac and secretes the shell {Fig. 117, sA). In some Stylommatophora 
— viz. CUxasdwi and Suceinea, a pallial sac is formed which covers up 
bhe shell, bnt eventually opens again. The shell grows in thickness 
internally, fresK matter being added to it from the external surface 
of the mantle, but its increase in extent is dependent on the 
activity of the border of the 
mantle, where there are special 
glands which degenerate vrhen the 
animal reaches the adult state. 
It is only at this period that the 
aperture of the shell acquires a lip, 





l-aivRl shell of Nana ntiaiiata, 
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or is contracted in various ways to form, for example, the linear 
aperture of Cypraea, Cavolinia, eta In Gastropoda that are naked 
in the adult state, the shell falls off soon after the reduction of the 
Teliun (Fig. 116), but in Cetiia, Euncina, and Vaginula the shell- 
gland and shell are not developed, and the young animal, at the 
time of escaping from the egg, has already the naked form of the 
adult. 

The superficial contractile sinuses are portions of the wall 
of the body, temporarily modified to ensure the circulation of the 
nutritive fluid in the system of cavities destined to become the 
circulatory apparatus of the adult. In the walla of these sinuses 
are muscular elements, whose fibres are sometimes disposed in 
regular meshes, as, for example, in the nuchal sinuses of the 
Bachiglossa. These organs are acquired in the course of ontogeny, 
and are developed in different regions : they are frequently found 
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between the foot and anua, in front of the pallial cavity, e.^, 
Heliff Biihynta Vermetus, the Rachiglossa, and nearly all the marine 
Gastropoda including the Pteropoda," Heteropoda, and Nudi- 
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branchia. This ainuE is displaced, together vith the pallial aper- 
ture, along the right side towards the neck (Fig, 114, II), and 
finally is partly contained in the pallial cavity. In the Basom- 
matophora there is a velar dorsal sinus, and in the Sty loin matophora. 
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Arion, lAmax, Olaudiia, Helix, etc., but not in Sucdnea, there is a 
caudal vesicle, known as the pedal sinus or podocyst (Fig. 117, jw). 
The larval kidneys are paired and generally symmetrical organs 
situated at the anterior end of the body, immediately behind the 
velum or apical area. In the marine Streptoneura they are cadncoiu 
ectodermic projections, in which the products of excretion are 
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accomulated. In the Opisthobranchs they are closed pouches ; in 
Mudina, Bithynia, and the Pulmonates they are canals opening to 
the exterior. In the la^t-named group these organs coneiet of tubes 
oi ectodermtc origin, each of which bears an amptdla on the middle 
of its course, and its internal portion is formed of perforated cells 
and ends internally in a closed flame-cell. In the &sommatophora 
(Fig. 118, re) these cells of the larval kidney are four in number, 
three being perforated and one a flame-cell. These organs are 
absent in Vaginula. 

The neire-centres and organs of special sense originate from the 
ectoderm, almost always from an ectodermic thickening on the buccal 
aide of the apical organ of the larva (Crepidula), but in Fervieius and 
the Cavoliniidae an ectodermic invagination has been described as 
taking part in the formation of each cerebral centre. Again, in the 
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Pulmonates, even if the principal part of the cerebral centres is formed 
from an epithelial thickening, the posterior accessory lobe origin- 
ates from a subsequent ectodermic invagination (Fig. 117, o.ca,e) 
— the " cerebral tube " — the cavity of which generally disappears 
after the animal is hatched out, but persists in the adult Planorbts 
and lAimnaea. The eyes arise in the velar field, near the cerebral 
centres, and are formed by invagination in the Aspidobranchia, 
Palvdina, the Stylommatophora, etc., but from thickenings in 
Vermdus, and frequently after the veliger larva is hatched, as, for 
example, in many Nudibranchia, with the exception of the Tergi- 
pedinae(Fig. 61,«). The otocysts are always formed at an earlystage, 
on the antero-lateral aspects of the foot^ by invagination in the 
majority of marine GJastropods, but from ectodermic thickenings in 
many Pulmonata. At first they invariably contain a single otolith, 
even in the species tvkich in the adult state possess multiple 
otoconia. In pelagic larvae the otocysts may often be seen to be 
asymmetrical, and sometimes the tentacles share this peculiarity 
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As regards the formation of the internal organs of the adul^ 
the stomach, the liver, and nearly the whole of the intestine arise 
from the endoderm. The liver lobes are formed before the 
absorption of the nutritive sacs borne on the posterior part (A 
the larval stomach. The proctodaeal invagination, placing the 
intestine in communication with the exterior, is always of small 
importance, but, on the other hand, the buccal bulb and oesophagus, 
with their numerous accessory organs, are formed from an im- 
portant stomodaeal ectodermic invagination, which always corre- 
sponds in position with the extreme anterior end of the blastopore, 
whether the latter is closed or remains open. The remaining organs 
are formed in the same manner as in other Mollusca, as has been de- 
scribed in the first chapter, and the ontogeny of the Gastropoda does 




Fig. 119. 

Embryos and larvae of various Molluscs, after the ventral flexure and before the torsion (for 
A)y ventral aspect A^ Gastropod (Zyimnoea, after Fol) ; B, DeTitoZiitni (after Lacaze) ; C, LamelU- 
branch (Dreimnaia, after Meisenheimer) ; D, Cephalopod (Oigopsid, after Qrenacher). an, 
anus ; ar^ amis ; e, eye ; /, foot ; /«, funnel ; g, gill ; m, mouth ; ot, otocyst ; jxi, mantle ; 3x1.0, 
posterior ])allial orifice ; pe.g, pedal ganglion ; sh, shell ; ve, velum ; vi^ vitellus. 

not exhibit any special features other than certain post-larval meta- 
morphoses and the torsion produced during development (Fig. 51). 
Up to the trochospbere stage the larva is strictly symmetrical 
(Fig. 1 4, B), but afterwards the torsion sets in, as a result of which 
the asymmetry characteristic of adult Gastropoda is established. 
At first the aperture of the pallial cavity and the anus are always 
posterior (Fig. 118), as is the case in all symmetrical Molluscs (Fig. 
22, A, B, D, E) ; then they are carried forward by a ventral flexure 
(Fig. 119) in the same manner as in the Cephalopoda, Scaphopoda, 
and many Lamellibranchia. But in the Gastropods a lateral torsion 
is superadded to this primitive flexure, causing the pallial aperture 
to pass from the postero-ventral surface (Fig. 51, A) over to the right 
side (Fig. 51, B), and thence to the antero-dorsal surface (Fig. 51, C). 
If the animal be supposed to have the mouth turned towards the 
observer, this torsion may be seen to follow the movements of the 
hands of a watch (Fig. 52). 
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Post-larval metamorphosea occur in various cases. The velum, 
M seen above, disappears, being absorbed by a process of phago- 
cytosis. In various genera the operculum falls off, and so also does 
ciie shell in naked forma (Fig. 116, B) and in Lamellaria, in which a 
new shell is formed replacing the larval shell or Echinospira. 

It is only in rare cases that a second larval form exists after the 
diaappearance of the velum and before the adult state is reached ; 
tbia ia the case, however, in the gymnosomatoua " Pteropods," in 
which three transverse and parallel ciliated rings are formed before 
ike fins are completely developed (Fig. 120). The most anterior of 
these rings is made up of Inter- 
rapted portions - the two others 
on the contrary are continuous 
and are situated respectively at 
the middle of the body and near 
the aboral extremity These two 
WQtmuouB ciliated circles and 
Kpeeially the more postenor are 
preserved till a \ery late period 
and sometimea persist in the adult 
whose habits do not differ from 
tl)ose of the larva (Fig 155) 

Sooner or later after their ex 
pulsion from the oviduct or after 
the nidus is laid the eggs are 
hatched out after a period of some 
twenty hours in Trochus after ten 
days m certain Nudibianchs (Ter 
gipes) at the end of eighteen days 
in others (Ceata) after three or four 
weeks in Ltmfoaea after more than 
a month m Valeaia and certain ^ " '^^ 

species of Anon and Limax It is „g;^1i^ga.'''t'^^^'^a,''mt^^ 
only in exceptional cases that the c Bi«i r g = ™ m ddis e iiateei ring ; 
young are hatched out with the f^ (IVr Raco taa ) "" "" "' ^ 
characters of the adult but this 

is the case in all the Pulmonates — with the eicception of 
the Siphonarndae which have a manne vel%er larva — in the 
Opisthobranchs Ceida and Rundna, and in sundry Stroptoneura 
such ae lAttorina and Lacuna among the Taeniogloasa, and Purpwa 
and Buccinum among the Eachiglossa. In normal cases the young 
Gastropods are hatched out as free-swimming or pelagic veliger 
larvae (Fig. 61). This veliger has a very small foot and a more or 
less voluminous velum, the latter organ being smallest in the least 
specialised forms, such as Trochus (Fig. Ill), Patella, Fisswella, etc., 
and ia the characteristic larval form in most opiathobrancbiate 
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Euthyneura and in the majority of Streptoneura. Even in thos6 
Gastropods that are hatched out in the adult form, the veliger stage 
can generally be recognised, in a more or less reduced conditio]^ 
within the egg membranes, e.g. in Bucdnvm^ Cenia, the basommato- 



phorous Pulmonates. In all Gastropods the velum is reduced in 
proportion as the foot develops; nevertheless, in a con,siderabJe 
number of pelagic larvae the veliger stage is preserved for a long 
time, and the velum persists, and often develops excessively long 
lobes even after the creeping foot is fully and normally developed: 
such is the case in ^^ MacgUlivraya " (Fig. 121), ^' Agadina" ^^CheU- 
tropis,*' "Siniisigera" ^* Echinospira" etc., all of which are special 
pelagic larval forms of Streptoneura which were long considered to 








Fig. 121. 

** MacgiUivraya," pelagic larva of a siphonate 
Streptoneurous Gastropod {Dolium), ventral aspect, 
X 12. /, foot ; m, mouth ; sh, shell ; si, siphon ; fe, 
tentacle and eye ; ve, lobes of the velum. (After 
MacDonald.) 
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CO, canal of the adult ; 
e.s, limit of the embry* 
onic shell; «p, spire. 
(After Dautzenberg.) 



be distinct genera. The velar lobes may even produce lobate 
expansions of the margin of the aperture of the shell, but these dis- 
appear when the velum is absorbed and the shell assumes the adult 
form (Fig. 122). 

IV. Definition. 

The asymmetry of some of the principal organs of the body is 
the chief characteristic of the Gastropoda. The essential feature of 
this asymmetry is that the anus generally lies to one side of the 
median plane ; that the ctenidium, the osphradium, the hypo- 
branchial gland, and the auricle of the heart are azygos, or at least 
are more developed on one side of the body than the other ; and 
that there is only one genital orifice, which lies on the same side of 
the body as the anus. In other words, one-half — generally the 
morphologically left but topographically right half — of the anal 
complex is either atrophied or has disappeared altogether. This 
asymmetry, expressed by the transfer of the morphologically right 
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organs to the left side, is the result of a torsional movement, which 
lias carried the anus and pallial cavity from an originally posterior 
\i!i an anterior position and at the same time has twisted the visceral 
commissure. 

V. Bionomics. 

The Gastropoda are essentially aquatic animals, and the more 

archaic species are marine. Some species are specially adapted to 

brackish waters. In fresh waters there are found sundry Strepto- 

neura, viz. certain Neritidae, the AmpuUariidae, Paludinidae, Valva- 

tidae, Bithjmiidae, Hydrobiidae, several Cerithiidae, the Melaniidae, 

Cremnoconchus, and Canidia; nearly the whole pulmonate group 

of Basommatophora ; and a single Opisthobranchiate, Ancyhdmis. 

Finally, the stylommatophorous Pulmonates and Halicinidae, Cyclo- 

phoridae, Cyclostomatidae, and Aciculidae among the Streptoneura 

are terrestrial. In some forms that live in torrential streams, or are 

subject to being dried up periodically, the respiration is alternately 

aquatic and aerial, and the Amphibolidae, Siphonariidae, and Onci- 

diidae are examples of Pulmonates that have returned to a marine 

existence. The Gastropoda crawl at the bottom of the wat^r, or 

on the land, or in a reversed position, on the film of mucus secreted 

on the surface of the water by the glands of the anterior groove of 

the foot (Basommatophora, Nudibranchia). The Strombidae are 

jumpers, and a considerable number of Gastropods are swimmers, 

e.g, the Heteropoda — which swim in a reversed position with the foot 

upwards — Janthina (Fig. 135), the "Pteropoda," Phyllirhoe, Acera 

(Fig. 147), etc. Some families both of Streptoneura and Opistho- 

branchia burrow in mud or sand, e,g, the Naticidae, Bullidae, etc. 

Some genera are more or less sedentary, though able to move from 

place to place — such are Patella and Bathysciadium — but others are 

completely sedentary when adult, and may be fixed either by the 

substance of their shells — such are Fermetus and Magilus (the latter 

inhabits corals) — or by a calcareous plate secreted by the foot, as is 

the case in Hipponyx, 

The diet of Gastropoda varies according to the group under 
consideration. Generally speaking, the carnivorous habit is due to 
specialisation, often accompanied by the development of a pro- 
boscis. Various forms of Gastropods live and feed on colonial 
invertebrates such as Synascidians, Hydrozoa, Anthozoa, and the 
like, and to a certain degree mimic these forms. Thus Omila lives 
on Gcrgonia^ Pedicularia on Corallium, Lamellaria on Leptodinum, 
various Nudibranchs on sponges or Hydroids. Some Gastropoda 
are parasitic, generally in or upon Echinoderms, and belong either 
to the sub-group Capulidae, in which case they are ectoparasites, 
and had already acquired this habit in Palaeozoic times (Platyceras), 
or to the " Aglossa," that is to say, to the little group formed by 
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the families Eulimidae (including Stylifei'^ parasitic on Asterid 
Echinids, and Crinoids) and Entoconchidae, including Entosijpho 
Entocolax^ Entoconcha^ and EnteivxenoSj all parasitic in Holothurids. 

Some thirty thousand species of Gastropoda have been en 
merated, of which twenty thousand belong to the present epoch ar 
are distributed in every region of the globe. Of existing speci 
more than twelve thousand are branchiate forms. Some marii 
species are found at a depth of over 2500 fathoms, and son 
Pulmonata live in the Himalayas at a height of nearly 17,000 fe 
above the level of the sea. Some freshwater Gastropoda (Hydr 
biidae, Basommatophora) exist at a depth of 180 fathoms below tl 
surface of certain lakes, e.g. Lake Baikal; others live in subterrane? 
waters, and some Pulmonates are found in caverns into which tl 
daylight does not penetrate. Palaeontology shows that the 
animals were already in existence in the Cambrian period, at tl 
commencement of the Palaeozoic epoch. 

The size of Gastropods varies from a fraction of a millimetre 
more than fifty centimetres. The largest forms are found not on 
among the testaceous species, such as Fusus, Tritonium, Ancistromest 
StrombuSf etc., but also among the naked forms : Tethys, for exampl 
is more than thirty centimetres in length, and some species of De 
dronotus as much as twenty-five centimetres. 

VI. Systematic Review of the Sub-Classes, Orders, and 

Families of Gastropoda. 

The class Gastropoda includes two well-defined sub-classei 
Streptoneura and Euthyneura. 

Sub-Class I. Streptoneura, Spengel 
( = Prosobranchia, Milne-Edwards = Cochlides, von Jhering). 

These are dioecious Gastropoda, with the exception of a fei 
aberrant genera, and are characterised by the maximum torsio 
exhibited by the visceral mass and visceral commissure, the latte 
being always twisted into a figure of eight (Fig. 124, VII, IX 
The right moiety of this commissure is situated above the digestiv 
tube, and is known as the supra-intestinal ; the left moiety is situate 
below the digestive tube, and is known as the infra-intestinal. Th 
pleural ganglia are often united to the opposite branch of th 
visceral nerve by an anastomosis of the pallial nerve, this conditio 
constituting "dialyneury " (Fig. 123, A, di\ di") : or there may be 
direct connection by means of a longer or shorter connective pasi 
ing from the pleural ganglion to the ganglion borne on the viscen 
branch of the opposite side; this constitutes "zygoneury" (Fi^ 
123, B, C, zy, zy"\ Zygoneury is more frequently found on th 




KflTvotu BTRtHD of B Stnptoneiirous Gaatropods, abowing the dialyneuFV and zyeonbaTj, 
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right side; the connective paases from the right pleural to the 
infra -intestinal ganglion, and may have the effect of bringing 
the latter ganglion between the two 
pleural centres (Fig. 123, C, i.i.g). 
The head of Streploneura bears only 
a single pair of tentacles (Fig. 1 25, a). 
The radular teeth, when there is more 
than one on either side of the median 
tooth, are of several different kinds 
in each transverse row (Fig. 74, C, F}. 
The heart is almost always posterior 
to the branchia. The sub-class in- 
cludes tvo orders, Ajspidobranchia and 
Pectinibranchia, 

Order 1. Aapidobranchia. 

These are Streploneura in which 
the nervous system is still but little 
concentrated (Fig. 124). The pedal 
centres have the form of long gan- 
glionated cords, to the anterior end 
of which the pleural centres are 
attached : the cerebral ganglia are 
widely separated from one another, 
and are united by a long commissure 
lying in front of the buccal mass and 
the salivary glands (Fig. 127, cc). 
An infra - oesophageal or "labial" 
cerebral commissure is present. The 
osphradium is but little specialised, 
and is situated on the branchial nerve. 
The otocyst contains numerous oto- 
conia. TTie eye is open (Fig. 100), or 
if closed ha& a very small pellucida. 
The central teeth of the radula are 
multiplied. Ctenidia are almost 
always present ; they are bipectinate 
and free at their distal ends (Fig. 
81, d). As a rule, the Aspidobranchs 
exhibit well - marked traces of the 
original bilateral symmetry, baving 

^^ two auricles to the heart and two 

kidneys (Fig. 127), the last named 

opening to the exterior at the end of short papillae (Fig. 88,/). 

The gonad has no accessory organs and discharges its products into 
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the right kidney. In the Neritacea, however, there is only one 
kidney, namely, the left kidney, with a slit-shaped external aperture, 
and there is a distinct genital orifice, the oviduct . being diaulic in 
the Neritidae. 

The order Aspidobranchia includes the most archaic Gastropods : 
it includes two sub-ordei;s, the Docoglossa and Rhipidoglossa. 

Sub-Order 1. Docoglossa. 

In these Aspidobranchs the nervous system (Fig. 93) is without dialy- 
neury, that is to say, there is no anastomosis between the pleural ganglia 
and the visceral nerve of the opposite side through the intermediary of 
the pallial nerve. The eyes are open and devoid of a crystalline lens. 
There are two osphradia, but neither hypobranchial glands nor operculum. 
The mandible is unpaired and dorsal. The radula generally has trabeculi- 
form teeth (Fig. 74, F), and there are at most three marginal teeth on 
either side. The heart has only a single auricle (Fig. 82, at^), and neither 
it nor the pericardium are traversed by the rectum. The visceral mass is 
cone-shaped, without a spire. The sub -order includes about 1400 

: species. 

Family 1. Acmaeidae, Philippi. A single bipectinate ctenidium, 
free for the greater part of its extent, is present on the left side (Fig. 82). 
Genera — AGm/ua^ Eschsholtz ; without pallial branchiae ; Great Britain. 
Smrriaj Gray; with pallial branchiae arranged in a circle beneath the mantle. 

I Pectinodontay Dall. Scenella, Billings*; from the Cambrian. Palaeacma, 
Hall ; from the Silurian. Family 2. Tryblidiidae, Pilsbry. Muscle 

I scar divided into numerous separate impressions. Genus — Tryhlidium, 
Lindstrom ; Silurian. Family 3. Patellidae, Guilding. No ctenidia, but 
only pallial branchiae disposed in a circle between the mantle and the 
foot (Fig. 125). Genera — Patella^ Linnaeus ; the pallial branchiae forming 
a complete circle ; no epipodial tubercles ; British seas. Ancistromesus, 
Dall ; radula with an unpaired central tooth, which is wanting in Patella, 
NaceUay Schumacher ; branchial circle complete ; epipodial tentacles 
present Helcion^ Montfort ; circlet of pallial branchiae interrupted 
anteriorly, beneath the head ; British seas. Heldonisciis^ Dall. Family 4. 
Lepetidae, Gray. Dioecious, with otoconia ; the head symmetrical, the 
foot elongated ; neither ctenidia nor pallial branchiae present ; a central 
tooth in the radula. Genera — Lepeta, Gray ; without eyes. Lepetella, 
Verrill ; with eyea Pilidium, Forbes. Propilidiurrif Forbes and Hanley. 
Family 5. Bathysciadidab, Dautzenberg and Fischer. Monoecious, with 
otoliths ; head provided with an appendage on the right side ; radula 
without a central tooth. Genus — Bathysciadium, Dautzenberg and 
Fischer; abyssal (Fig. 126). 

Sub-Order 2. Rhipidoglossa. 

Aspidobranchia with a dialyneurous nerve-system, that is to say, with 
a pallio-visceral anastomosis (Fig. 124, XV) ; eyes with a crystalline lens 
(Fig. 100, I) ; a single osphradium, except in genera with two ctenidia ; 
one or two hypobranchial glands. Mandibles paired, lateral. Badula 

10 
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spiral (Fig. 1 27, sp.e). Hea 
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Family 1. Pleurotomab 
Visceral masa and shell spiral ; 
and shell with an anterior fissu 
54, III) near the median line, 
ctenidia ; a horny operculum. G 
Pleurotomaria, Defrance ; epipodiu 
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(Fig. 127). Five living species fi 
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ubtaioed in 1671, in a uolleciion made off the Barbadoea by the 
"Hasaler" {A. A^aseiz). The Moluccan species is nineteen centimetres 
ID height. The genus includes several hundred extinct Bpecie^, ranging 
from the Silurian to the Tertiary, but is rare in the last namerl. 
fcm-artlla,, d'Orhigny ; epipodium with tentacles ; right ctenidium mono- 
pectinate {Fig. 128). Schiemope, Jeffreys; the slit at the margin of 
the shell is closed in the adult and transformed into an orifice (Fig. 62). 
The following genera are eiclusively foBsil : PorcelUa, L&veilU ; Devonian 
i and Carboniferona. KokeneUa, Kittl ; Trias. DUrtmaria, d'Orbigny ; 
Jurassic. Polyfremaria, de Koninck ; Carboniferous. Troekotiyaia, 
Ueslongchamps ; Trias and Juraaeic. Oantantotlcmta, Sandberger ; 
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Devonian. MiirchUonia, d'Archiac and Verneuil ; Cambrian to Trias. 
^liantamaria, Roemer ; Devonian. Family 2. Bblleropbontidae, Mac- 
Coy. An exclusively fossil famOy, comprising more than 300 
spedea extending from the Cambrian to the Trias. The shell is coiled 
in one plane and has an incision in the mid-dorsal margin of tlie 
'petture. Qenera — Bdlerophon, Montfort. Evphemui, MacCoy. Salpingo- 
•tonw, Roemer. Trtmatonotue, Hall. Cyrlolitei, Conrad. Family 3. 
EcoKPHALiDAB, de Koninck. Also an extinct family, extending from 
Ibe Cambrian to the Cretaceous. Spire slightly prominent ; Umbilicus 
^p i operculum calcareous. Qenera — EuomphaiTU, Sowerby. Stropa- 
"""to, Billings. Ophileta, Vanuxem. Mactwca, Leaueur. Platydiisma, 
™Coy. Strc^arolltu, Montfort. Phanerotttiiis, Sowerby. DitcoheHx, 
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Dunker. Familt 4. Haliotidab, Fleming. Spire of the visceral mttas 
and shell much reduced ; two bipectiante ctenidia, the right being 




left i;eplialic tentacle; 



eplpoilisl tentacles; 



the smaller ; no operculum. Oenus — Haliatia, Liunaeus (Fig. 1 -^ 
Family 5. Vblainiellidae, Vaaseur. An extinct family from 
Eocene, Shell elongate, with numerous whorls ; colninella and partitri 




between the whorls absent ; internal cavity open from base to aiinuuit- 
Geiiiw, Vdaini^lla, Vasaeur. Family 6. Fissukellidae, RisEo, VisMr*^ 
mass and shell conical ; the anterior part of the mantle eihibits a sli'* 
or a hole in the median line ; two symmetrical ctenidia ; no operciilum^' 
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Genera — Emarginula, Lamarck ; anterior border of the mantle 
sond shell with a slit ; British seas. Rimula^ Defrance. Suhemarginula, 
Blainville. Scvitmi, Montfort ; mantle split anteriorly and partially 
reflected over the shell, which has no anterior slit Zeidora, Adams. 
Puncturella, Lowe ; mantle and shell with a foramen in front of the 
summit of the visceral cone ; British. Fissurella, Brugui^re ; mantle 
and shell perforated by a hole at the summit of the visceral cone, the 
hole leading into the branchial chamber ; British. Glyphis, Carpenter. 
Fissurellidea, d'Orbigny. Pupillia, Gray ; mantle completely covering 
the shell. Lucapina, Gray. Megatehennus^ Pilsbry. Macrochisma, 
Swainson. LtLcapinella, Pilsbry. Family 7. Cocculinidae, Dall. 
Shell conical, symmetrical, without slit or perforation ; the summit 
inclined backwards. Genus — Gocculina, Dall ; dioecious ; abyssal. 
Family 8. Trochidae, d'Orbigny. Visceral mass and shell spirally 




Fig. 130. 

Troeihfis (Gibbula) cinerariiis, right-side view. I, shell ; II, frontal lobes ; III, right eye and 
X>eduncle ; IV, right tentacle ; V, appendage of the right ocular peduncle ; VI, snout ; VII, right 
epipodial lobe ; VIII, epipodinm ; IX, claviform appendage under the epipodial tentacle ; X, 
posterior (operculigerous) part of the foot ; XI, epipodial tentacle. 

coiled ; a single ctenidium; eyes open (Fig. 100) ; a horny operculum ; 
flattened lobes between the tentacles (Fig. 130, II). Genera — Trochus, 
Linnaeus ; no jaws ; shell umbilicated ; spire pointed and prominent. 
Mcmodonta^ Lamarck ; no jaws ; spire not prominent ; no umbilicus ; 
columella toothed. GlaiiculuSy Montfort. ElenchuSf Swainson. Photinula^ 
Adams. Gaza, Watson. GihhuUij Kisso ; with jaws ; three pairs of 
epipodial cirrhi without pigment spots at their bases (Fig. 130); British. 
Margarita^ Leach ; from five to seven pairs of epipodial tentacles with a 
pigment spot at the base of each. Livona, Gray. Basilissa, Watson. 
Family 9. Stomatellidae, Gray. Spire of the visceral mass and shell 
much reduced ; a single ctenidium. Genera — Stomatella, Lamarck ; 
foot truncated posteriorly ; an operculum present ; no epipodial 
tentacles. Gena, Gray ; foot elongated posteriorly ; no operculum ; 
epipodial tentacles present. Stomatia, Helbling ; foot not truncated ; 
operculum and epipodial tentacles absent. Family 10. Delphinulidae, 
Fischer. Visceral mass and shell spirally coiled ; operculum horny ; in- 
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terteatacuUr lobes absent Qeniu — Dd^mvulot, Lamarck ; witb five pain 
of epipodial tentacles. Familt 11. Liotuda^ Qray. Shell globular; 
margin of aperture thickened ; operculum homy, with a calcareous 
layer. Genua — iiofio, Gray. Fahilt 12. Ciclobtrematidax, Fischer. 
Shell flattened, umbilicated, not nacreous ; foot truncated anteriorly 
and with the two angles prolonged into tentacles. Genera — C^elottmna, 
Harryat (Fam. 50). Tcinoitoma, Adams. Familt 13. Tbochonb- 
UATiDAK, Zittel. Biclusively fossil, from Cambrian to Cretaceous ; shell 
spiral and nacreous internally ; whorls without keels ; apertnre rounded. 
Qenera — jTrmAonenui, Salter ; from the Cambrian and Silurian. £unenia, 
Salter ; from the Ordovician to the Devonian. AmhtrlojiL, Morris and 
Lycett; from the Trias to the Cretaceous. Onaitpira, Zittel ; Jurassic 
Fault 14. Turbinidab, Gray. Visceral mass and shell spirally coiled ; 
epipodial tentacles present ; eyes closed ; operculum calcareous asd 
thick. Genera- — -Turio, Linnaeus; shell globular, thick, with short 
spire. Attralium, Lini. MoUena, Jeffreys ; ahell thin, umbilicated, 
with very short spire. Cyclimtma, Hall. Family 16. Phablanbllidae, 
Troscbel. Shell not nacreous, without umbilicus, with prominent spire 
and polished surface. Genua — PhtuianelUi, Lamarck. Family 1 6. 
Ukboniidae, Adame. Shell flattened, not umbilicated, generally smooth, 
without a nacreous layer ; operculum homy, Qenera — Umbonvam, Link. 
leanda, Adams. Family 1 7. NeRrropsiDAE, Fischer. Shell semiglobular, 
with short apire ; operculum calcareous, not spiral. Genera — Neritopsie, 
Grateloup, Naticopda, MacCoy ; from the Devonian to the Trias. Family 
LB, Fischer. Shell discoid, deeply umbilicated, with 
; operculum spiral, thick. Genus — MaclvHUi, Lesueur ; from 
Cambrian and Silurian. Family 19. Nbritidab, 
Lamarck. Shell with very low apire ; without um- 
bilicus and without a nacreous layer ; internal partitions 
frequently absorbed ; operculum calcareous, provided 
with an apophysis ; epipodium slightly developed, 
without tentacles ; a single ctenidium ; a cephalic 
penis present. Genera — NerUa, Adanson ; marine. 
Neriiina, Lamarck ; freshwater ; British. Neritodomui, 
Morris and Lycett ; Jurassic. Deianira, Stoliczka ; 
Cretaceous. Stptana, Ferueaac ; shell boat - shaped, 
with a large aperture and symmetrical muacular im- 
presflions. Pileolas, Sowerby ; from the Jurassic and 
Cretaceous. Family 20. Titiboabudae, Bergh. With- 
out shell and operculum, but with a pallial cavity and 
a ctenidium. Genus — TilUcanifO, Bergh (Fig. 131); 
from the Pacific Ocean, Family 31. Hklicinidae, 
; Pfeiffer. No ctenidium, but a pulmonary cavity 
thfl psUiBi present ; epipodium without tentacles ; heart with a 
cj;''?: I^l' Ri'i- single auricle, and not traversed by the rectum; no 
mandible ; operculum without apophyses. Genera — 
HeUcina, Lamarck. Eutrochatella, Fischer. StocaUrma, Adams. Boureterio, 
Pfeiffer. Family 22. Hydrocenidab, Fischer. No ctenidium, but a 
pnlmonary cavity present ; foot obtuse ; operculum calcareous, with an 
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apophysis. Gtenus — Hydrocena, Parreys ; from Dalmatia. Family 23. 
Pboserpinidab, Fischer. Differs from the two last fsunilies in not 
having an operculum. Genus — Proserpina, Gray ; from Central America. 

Order 2. Pectinibranchia. 

These are Streptoneura with a somewhat concentrated nervous 
system ; without a labial commissure, except in Palvdina and Arwpulr 
hria. The nerve-collar is situated behind the buccal bulb, except in 
Am/puUaria. There is a single well-differentiated, independent, and 
often pectinated osphradium. The eye is always closed, and the 
internal cornea (pellucida) is extensive. Each otocyst contains a 
single otolith, except in some forms of Taenioglossa devoid of a pro- 
boscis, e,g, Palvdina, Valvaia, Ampvllaria, Cyclophorus, Typhobia, 
Bythoceras, Nassopsis, certain Cerithiidae, etc. The central tooth of 
the radula is single or absent. There is no longer any trace of 
bilateral symmetry in the circulatory, respiratory, and excretory 
organs, the topographically right half of the pallial complex having 
completely disappeared. The heart has only a single auricle — that 
of the morphologically right side — and is not traversed by the rec- 
tum. The ctenidium is monopectinate and attached to the mantle 
throughout its length, except in Adeorbis and Valvata, the latter 
genus being the only Pectinibranch with a bipectinate ctenidium. 
The single kidney usually opens directly by a slit-shaped aperture 
(but exceptionally by a ureter in Palvdina, Cydophorus, and Valvata), 
and never serves for the passage of the sexual products. The. 
gonad always has a separate orifice of its own. The male generally 
has a penis (Fig. 44, A, h). 

The Pectinibranchia are divided into two sub-orders — Taenio- 
glossa and Stenoglossa. 

Sub-Order 1. Taenioglossa. 

In these Pectinibranchs the radula has normally three teeth on each 
side of the median tooth, viz. one lateral and two marginals (Fig. 2, B ; 
^4, B). The stomatogastric ganglia are situated behind the buccal mass, 
and are united to the cerebral centres by long connectives which are in 
part recurrent and deeply situated. The salivary ducts, when sufficiently 
long, traverse the nerve-collar. The oesophagus is nearly always devoid 
of an unpaired gland. Usually there is neither a proboscis nor a siphon. 
Ilie sub-order includes two distinct groups or tribes, which are 
Respectively creeping and swimming forms, namely, the Platypoda and 
Heteropoda. 

Tribe 1. Platypoda. 

Normal Taenioglossa, but slightly modified, and of creeping habit. 
The foot is flattened ventrally, at all events in its anterior part (Strom- 
Udae). The otocysts are situated close to the pedal nerve-centres. Acces- 
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sory organs are rarely found on the genital ducts, but are present in Palu- 
dinaf Cyclostoma, the Naticidae, Calyptraeidae, etc. Mandibles are usually 
present The intestine is long. The Platypoda form the largest group 
of the MoUusca, comprising nearly sixty families of unequal value, some of 
which are not thoroughly well known from an anatomical point of view. 
Family 1. Paludinidab, d'Orbigny. Ctenidium monopectinate ; pedal 
centres in the form of ganglionated cords ; the kidney is provided with a 
ureter ; viviparous ; fluviatile. Genera — Paludina^ Lamarck. Neth 
tkawma, Smith ; from Lake Tanganyika. Tylopoma^ Brusina ; from the 
Tertiary. Family 2. Cyclophoridae, Gray. Pallial cavity devoid of a 
ctenidium and transformed into a lung ; pedal centres in the form of 
ganglionated cords ; otocysts with otoconia ; aperture of the shell and 
the operculum circular ; terrestrial. Genera — Pomatias, Hartmann ; shell 
turriculated. Dtplommatina, Benson. Hybocystis, Benson. Cyclophorus, 
Montfort ; shell umbilicated, with a short spire and horny operculum. 
GyclosuTus, Morelet ; shell uncoiled. Dermatocera, Adams ; foot provided 
with a horn-shaped protuberance at its posterior end. Spiraculum, Pear- 
son ; aperture provided with a sutural tube at its superior angle. Family 
3. Ampullariidae, Gray. A monopectinate ctenidium present, and to 
the left of it a pulmonary sac, separated from the ctenidium by an incom- 
plete septum ; oesophageal nerve -collar in front of the buccal bulb ; 
penis pallial ; amphibious. Genera — Ampullaria, Lamarck ; visceral 
sac and shell coiled dextrally. Lanistes, Montfort ; shell sinistral ; spire 
short or obsolete. MeladomuSy Swainson ; shell elongated, sinistraL 
Family 4. Littorinidae, Gray. Ctenidium monopectinate ; oesophageal 
pouches present ; pedal nerve-centres concentrated; a pedal penis near 
the right tentacle. Genera — Littorina^ F^russac ; shell not umbilicated ; 
foot devoid of appendages ; marine forms of semi-aerial habit (Fig. 86). 
Lacuna, Turton ; foot with two posterior appendages ; marine forms of 
exclusively aquatic habit (Fig. 7). Gremnoconchus, Blandford ; shell umbili- 
cated ; of exclusively aerial habit ; Indian. Risella, GraLy, Tectont**, Valen- 
ciennes. Family 5. Fossaridae, Fischer. Shell turbinated and umbili- 
cated ; head with two cephalic lobes, as in some Rhipidoglossa. Genus — 
FossaruSy Philippi. Family 6. Purpurinidae, Zittel. An exclusively 
fossil family ; shell thick, with prominent spire, angular whorls, and oval 
aperture. Genera — Purpurina, d'Orbigny ; Jurassic. Brachytremay 
Morris and Lycett ; Jurassic. Scalites, Conrad ; Ordovician. Family 7. 
Planaxidae, Adams. Shell not umbilicated, with pointed spire ; the 
external border of the shell sharp ; a short pallial siphon. Genus — 
Planaxis, Lamarck. Family 8. Cyclostomatidab, Pfeiffer. Pallial 
cavity transformed into a lung ; pedal centres concentrated ; otocysts 
with otoliths ; no mandibles ; a deep longitudinal pedal groove present ; 
terrestrial Genera — Gydostoma, Draparnaud ; shell turbinated ; opercu- 
lum calcareous ; British. Omphalotropis, Pfeiffer ; shell turriculated ; 
operculum horny. Family 9. Aciculidae, Gray. Shell narrow and 
elongated ; operculum horny ; pallial cavity a pulmonary chamber ; 
otocysts with otoconia. Genus — Aciculaj Hartmann. Family 10. 
Valvatidae, Gray. Ctenidium bipectinate, free throughout its length ; a 
pallial filament on the right side ; hermaphrodite ; fluviatile. Genus 
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roiwiti*, Muller (Fig. 132); Britiah. Family 11. RrsaoiDAK, Gray. A 
monopectmate cte&idium ; epipodial filamente preaent ; one oi two pallial 
tentacles; snont elongate! Genera — fiijeoa, FrSminville ; operculum 
simple. Bis^WMi, d'Orbigny ; operculum with an apophysis. Sttwi, Hedley. 
Family 12. LrriopiDAB, Fischer. Foot with an epipodium bearing three 
pairs of tentacles and an operculigerous lobe with two appendages ; in- 
habitants of the Sai^aeso weed. GenUB^iifiopo, Rang. Family 13. 
Adborbudas, Fischer, Mantle with two posterior appendages ; oteuidium 
lai^ and capable of being protruded from the pallial cavity ; shell 
depressed and umbilicated. Genus — A^rUs, Wood ; British (Fig. 133), 
Family 14. Jeffrbysudae, Fischer. Head with two long labial palps ; 
shell ovoid, umbilicated ; operculum homy, aemicireular, concentric, and 
carinated. Genus— /e^^rao. Alder. Family 15. HoMALoaYRiDAB, 
Sars. Shell flattened ; operculum homy, circular ; no cephalic tentacles. 
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Qenera — Homalogyra, Jeffreys ; British. Ammoniceras, Vayssiere. Family 
IS. Skbneidae, Fischer. Shell depressed and umbilicated, with a 
rounded aperture ; cephalic tentacles long. Genus — Skenea, Fleming ; 
British. Family 17. Choribtidae, Fischer. Shell spiral ; four cephalic 
tentacles ; eyes absent ; two pedal appendages behind the operculum. 
Genus — Ohoriites, Verrill. Family 18. Asbimineidab, Fischer. Shell 
conical, with a short spire ; operculum homy, spiral ; eyes situated at 
Ihe free eitremitiea of the tentacles. Genus — Amminea,hea^h ; estuarine; 
British. Family 19. Tru scats ll id ae, Gray. Ctenidium mono, 
peetinate ; snout very long, bilobed ; foot very short ; spire elongated 
wA truncated ; marine and littoral. Genus — TruncateUa, Risso. Family 
iO. Htbrobiidab, Fischer. Shell with prominent spire ; ctenidium 
monopectinate ; sexes separate ; penis distant from the right tentacle and 
generally appendiculated ; otocysts with otoliths ; brackish water or 
fluviatile. Qenera — Bydrobia, Hartmann ; shell conical, smooth with 
scarcely convex whorls; operculum homy; brackish water; British. 
Scaliedia, vou Martens ; from Lake Baikal. Pomatiopds, Tryon ; foot 



154 THE GASTROPODA 

divided into two sections by a transverse furrow ; penis without an 
appendage. Bithynellaf Moquin - Tandon. Lithoglyphus, Miihlfeldt; 
shell globular with short spire. Spekia, Crosse ; viviparous ; from Lake 
Tanganyika. Tanganyiciay Crosse (Fig. 78). LivmotrochuSj Smith ; 
from Lake Tanganyika. Chytra, Moore. Littorinida, Eydoux and 
Souleyet Bithynia, Gray ; shell conical with an oval aperture ; oper- 
culum calcareous, concentric ; habitat fluviatile ; British. Stenoihyra, 
Benson ; aperture rounded and contracted ; operculum calcareous, spiral 
Family 21. Melaniidae, Gray. Shell spiral, the spire somewhat elon- 
gated ; operculum homy ; foot and snout short ; mantle border fringed ; 
viviparous (Fig. 109) ; fluviatile. Genera — MelaniOy Lamarck ; shell turri- 
oulated ; aperture rounded and enlarged anteriorly. Faunus, Montfort ; 
spire very long ; aperture of shell notched anteriorly. Fcdudomus, 
Swainson ; shell short, thick, with rounded aperture. Metanopsis^ 
F^russac Nassopsis, Smith. Bythoceras, Moore ; from Lake Tanganyika. 
Family 22. Typhobiidab, Moore. Foot wide ; tentacles elongate ; shell 
turriculated, with carinated whorls, the carinae tuberculated or spiny. 
Genera — Typhobiay Smith. Bathanalia, Moore; from Lake Tanganyika. 
Family 23. Pleuroceridae, Fischer. Like the Melaniidae, but the 
border of the mantle is not fringed and the reproduction is oviparous. 
Genera — PZ«wroc«ra, Rafinesque; shell elongated ; the aperture canaliculated 
anteriorly. Anculottbs, Say ; shell short, globular ; the aperture rounded 
anteriorly. Family 24. Pseudomelaniidae, Fischer. An exclusively 
fossil family ; shell turriculated, with prominent spire and elongated oval 
aperture. Genera — Pseudomelania^ Pictet and Campiche ; Secondary and 
Tertiary. Loxonema, Phillips ; Palaeozoic. Macrochilus^ Phillips ; 
Devonian to Trias. Family 26. Subulitidae, Fischer. An exclusively 
fossil family ; shell turriculated with a narrow aperture, elongated and 
canaliculated anteriorly. Genera — Suhulites, Conrad ; Cambrian to Car- 
boniferous. Ftbsispira, Hall ; Ordovician. Euchryscdis^ Laube ; Trias. 
Family 26. Nerineidae, Zittel. An exclusively fossil family ; shell with 
numerous whorls, with multiple folds in the lumen of the whorls. 
Genera — Nerinea, Defrance ; Jurassic and Cretaceous. AptyxieUa, Fischer ; 
Trias and Jurassic Ptygmatisy Sharpe ; Jurassic and Cretaceous. Family 
27. Cerithiidae, Fleming. Shell with elongated spire and numerous 
tuberculated whorls ; aperture canaliculated anteriorly ; snout long ; 
pallial siphon short. Genera — Gerithium, Adanson ; aperture oval ; 
operculum oval, with submarginal nucleus. Bittiv/m, Gray ; operculum 
circular, with central nucleus ; siphon rudimentary. Potamides, Brong- 
niart ; eyes situated above the bases of the tentacles ; ctenidium rudi- 
mentary ; brackish water. Triforis, Deshayes ; shell sinistral. Laeocochlisy 
Dunker and Metzger. Cerithiopsis, Forbes and Hanley. Family 28. 
MoDULiDAE, Fischer. This family differs from the Cerithiidae in having 
a shell with a short spire, without a siphon ; the eyes are placed midway 
up the tentacles. Genus — Moduhis^ Gray. Family 29. Vermbtidab, 
d'Orbigny. The animal is fixed by the shell, the last whorls of which are not 
in contact with one another ; foot small, discoidal, with two. anterior pedal 
tentacles, one on each side of the supra-pedal gland. Genera — Vermetus^ 
Adanson ; shell without a notch on the exterior border of the aperture ; 
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mantle slit in the female only (Fig. 45) ; pedal tentacles elongate. Siliqv4iria, 
Brugui^re ; mantle and shell slit in both sexes for the whole length of 
the branchial cavity ; pedal tentacles rudimentary. Family 30. Caecidae, 
Gray. Shell almost completely uncoiled in one plane, and furnished with 
internal septa ; aperture circular. Genus — Caecum, Fleming (Fig. 68) ; 
British. Family 31. Turritbllidab, Clark. Shell very long with 
numerous whorls ; head large and prominent ; mantle border fringed ; 
no siphon ; foot broad and truncated. Genera — Turritdla, Lamarck ; 
British. MesaMa, Gray. Mathilda^ Semper ; the summit of the shell 
hyperstrophic. Family 32. Strdthiolariidab, Fischer. Spire of shell 
conical ; aperture pointed and subcanaliculated anteriorly ; foot oval, 
rather smaJl ; head elongate with short tentacles ; siphon very slightly 
developed. Genus — Struthiolaria, Lamarck. Family 33. Chbnopodidab, 
Fischer. Spire of shell elongated ; margin of aperture expanded ; foot 
elongated and narrow ; snout short ; tentacles long ; siphon very short. 
(Genera — Chenopus, Philippi ; British. Alaria, Morris and Lycett; 
Jurassic and Cretaceous. Spinigera, d'Orbigny ; Jurassic Diartema, 
Piette ; Jurassic Family 34. Strombidab, Gray. Foot narrow, arcuate, 
compressed laterally, without ventral sole (Fig. 75, /) ; snout long ; ocular 
peduncles longer and stouter than the tentacles. Genera — StromhuSj Lin- 
naeus ; shell ovoid, with elongated aperture ; mantle border and aperture 
of shell not digitate. Pteroceras, Linnaeus ; mantle border and aperture of 
shell digitate. Rostdlaria, Lamarck ; spire of shell elongate ; aperture 
prolonged anteriorly into a canal and laterally into an aliform expansion 
(Fig. 46). Terebellurrif Klein ; shell elongated with a short spire ; tentacles 
aborted. Family 35. Xbnophoridab, PhilippL Snout elongated ; foot 
divided transversely into two parts, the posterior part bearing the oper- 
culum ; shell conical, carinated. Genera — Xenophorus, Fischer (Fig. 134) ; 
with foreign substances agglutinated on the shell. Eotrochus, Whitfield ; 
from the Silurian. Family 36. Capulidae, Fleming. Visceral sac and 
shell conical, but slightly incurved posteriorly; a tongue-shaped projection 
between snout and foot ; columellar muscle horseshoe-shaped. Genera — 
(kfulus, Montfort Thyca, Adams ; parasitic on Asterids ; without a radula ; 
foot rudimentary. Platyceras, Conrad ; from the Silurian onwards. 
Family 37. Hipponycidae, Fischer. Visceral mass and shell conical; 
foot feebly muscular, capable of secreting a ventral calcareous plate ; 
animal fixed. Genera — HipponyXy Defrance. Mitrularia, Schumacher ; 
the shell with an internal appendage shaped like a half-horn. Family 38. 
Calyptrabidab, Broderip. Visceral mass spiral ; shell flattened, with 
a short spire ; lateral cervical lobes present ; foot short and circular ; 
accessory genital glands present. Genera — Calyptraea, Lamarck; shell 
spiral, with central summit and circular aperture ; British. Grepidula, 
Lamarck ; shell oval, with nearly obsolete spire and marginal summit, 
famished with an internal horizontal posterior septum. Grucihulum^ 
Schumacher ; shell conical, with an internal comiform appendage (Fig. 
69). Family 39. Naricidae, Recluz. Foot divided into two, the 
posterior half bearing the operculum ; a wide epipodial velum ; tentacles 
flattened ; snout elongate ; shell turbinated. Genus — Narica, Recluz. 
Family 40. Naticidab, Swainson. Foot highly developed and provided 
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witb an aquiferous e79t«m ; propodiuni reflected over the head ; e;es 
deeply seated or absent ; operculum spiral ; burrowing animals. Qenere 
— Naticaf Adanaon ; shell globular, thick and poUshed, umbilicated, 
with a semi-lunar aperture (Fig. 47) ; British. ATnaura, Moller ; shell 
not umbilicated, thin, with an oblong aperture. Sigarettis, Lamarck ; 
shell auriform, with a very ahoit spire and large aperture ; operculnm 
small and rostrate. Familt 41. Lauellariidas, d'Orbigny. Shell thin, 
more or less covered by the mantle, and with a small spire ; no operculum 
or pi'opodium ; mandibles fused dorsally. Genera— Frftritna, Fleming; 
shell only partially covered by mantle ; British. Lamellaria, Montagu ; 
shell internal, spiral, transparent ; British. Manenina, Gray ; shell not 
completely covered by the mantle ; hermaphrodite, OncidiopHs, Beck ; 
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shell internal, membranous, vrithout spiral ; hermaphrodite. Family 
42. Trichotbofidab, Gray. Shell with short spire, umbilicated, carinate 
and pointed. Genue—TrichotTopis, Broderip and Sowerby. Family 43. 
Seovbhzudae, Verrill. Shell trochilbrm, with canaliculated aperture 
and twisted columella ; operculum spiral. Genus — Segimma, Jeffreys ; 
abyssal. Family 44. Janthinidae. Shell thin; operculum absent; 
tentacles bifid ; eyes absent ; foot short, provided with an epipodium and 
secretes a float ; radula with similar pointed teeth (Fig. 74, D) ; pelagic 
Genera — Janthina, Lamarck ; shell blue, with a short spire ; ctenidium 
with long pointed filaments, capable of being protruded from the pallial 
cavity (Fig. 135). Bteluzia, Petit; shell white with elongated spire. 
Family 45. Cyfeiaeidae, Fleming. Shell inrolled, solid, polished, the 
spire nearly hidden, the aperture very narrow in the adult ; pallial 
aperture provided with a short anterior siphon ; a short proboscis ; anus 
posterior ; foot broad ; ospbradium with three lobes ; mantle reflected 
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over the shell (Fig. 70). Genera — Cypraea, Linnaeus ; Bhell v 
with a crenelated columella. Pustularia, Swainsou ; differs from Cypraea 
in having an internal shell. Ovula, Brugui^re ; columella smooth, both 
'ends of the aperture can&liculated (Fig. 136). Pedicularia, Swainson ; 
attached to corals ; foot email ; shell irregular with an expanded aperture. 
Erato, RisBO ; shell piriform, with a prominent spire. Fauilv 46. 
Trito^iidab, Adams. Shell turriciilated and siphonated, thick, each 




whorl of the spire provided with varices ; foot broad and truncated 
anteriorly ; pallial siphon well developed ; a proboscis. Genera — Tniim, 
Montfort ; varices not continuous from one whorl W another ; eyes at the 
bases of the tentacles (Fig, 44, A). Persona, Montfort ; whorls irregular ; 
eyes ha1f>way np the tentacles. Baneila, Lamarck ; varices continuous 
from one whorl to another. Family 47. Coldmbellinidae, Fischer. An 
eiclusively fossil family ; shell with prominent spire, narrow aperture, and 
callous columella. Genera — CoiiiniteWino, d'Orbigny ; cretaceous. Golum- 
(wiiorM, RoUe ; Jurassic 2iHeiia, Gemellaro; Jurassic. Pefersia, Gemellaro ; 
Jurassic. Family 4S. Cab3ididae, Adams. Shell ventricose, with 
elongated aperture and short spire; foot broad and rounded anteriorly; 
proboscis and siphon long ; oper- 
culum with marginal nucleus. 
Genera — Catns, Lamarck ; shell 
varicose, with narrow aperture. 
Cawidaria, Lamarck ; shell with- 
out varices, aperture oval and <;- ~. 
cmaliculated. Onincia, Sowerby ; 1/^ 
shell oval, with a linear aperture. 
Fauily 49. OoCORYTHIDAE, 

Fischer. Shell globular and 

ventricose ; aperture oval and ^^p^ 

canaliculated ; operculum spiral, i" "'o 

Genus — Oocorys, Fischer; abyssal, koaie 

FuiiLT 50. DoLiiDAE, Adams. 

Shell ventricose, with short spire and wide apeitui'e no varuee and 

10 operculum ; foot very broad with projectmg anterior angles , siphon 

long, Genera — Dolium, Lamarck shell wjth a short canil , ocular 

tnbetclea distinct from the tentades , mantle not reflected o^er the 

shell. Pyrula, Lamarck ; canal long , spire very short , mantle reflected 

"wr the shell; eyes sessile (Fi^ 71) FAMiL'i 01 Solabiidae, 




158 THE GASTROPODA 

Chenu. Shell spiral, conical, with flattened spire, umbilicated ; head 
short ; tentacles split throughout their length ; foot short Grenera — 
Solariunby Lamarck. Tortnia, Gray. Fluodna, Dall. Family 52. 
ScALARiiDAE, Broderip. Shell turriculated with numerous whorls and 
an elongated spire ; head short, with a short proboscis ; foot small, 
truncated anteriorly ; siphon rudimentary. Glenera — Scalaria^ Lamarck ; 
shell elongate with a circular aperture, whorls very convex, ornamented 
with longitudinal projecting lamellae ; British. Eglisia, Gray. Crossea, 
Adams. Aclis, Loven. 

The three following families of Taenioglossa Platypoda have neither 
radula nor jaws, and are therefore called Aglossa. They are suctorial 
animals with a well- developed proboscis, and are often commensal or 
parasitic on Echinoderms ; some are abyssal. The series afifords a 
remarkable example of the regressive evolution of various organs as a 
result of parasitism. Family 63. Pyramidellidae, Gray. Summit of 
spire heterostrophic (Fig. 66, B) ; tentacles deeply grooved externally or 
split at their extremities ; foot truncated anteriorly ; a projection, the 
" mentum," between the head and foot ; an operculum present. 




TIV 



nnc 



Fig. 137. 

TurboniUa scalaris^ right-side view. /, foot ; m, mouth ; me, mentum ; op, operculum ; pa, 
mautle ; sh, shell ; te, tentacle. (After Loven.) 

Genera — Pyramidella, Lamarck ; columella folded, tentacles comiform. 
Turbonilla, Leach ; columella not folded (Fig. 137). OdostomiOf 
Fleming ; columella provided with a tooth ; hermaphrodite ; British. 
Myxaj Hedley. Family 54. Eulimidae, Adams. Visceral mass still 
coiled spirally ; shell thin and shining, generally with a pointed summit ; 
tentacles without a groove. Genera — Eulima, Risso ; foot well 
developed, and with an operculum ; animal usually free, but some live 
in the digestive canal of Holothuriae in the Fiji Islands, in the 
Philippines, and in Europe, e.g, Eulima distorta in Holothuria iniestirudis. 
Niso, Risso. Scalenostomaj Deshayes. Hoplopteron, Fischer. Mttcrorutlia, 
Adams ( = Stylina, Fleming) ; foot reduced, but still operculate ; eyes 
present ; animal fixed by its very long proboscis, which is deeply buried 
in the tissues of an Echinoderm ; no pseudopallium. Stylifer, Broderip ; 
the operculum is lost, but a rudiment of the foot remains ; tentacles very 
small or absent ; eyes, otocysts, and a branchia present ; animal fixed by 
a large proboscis forming a pseudopallium which surrounds the whole 
of the shell except the more or less projecting extremity of the spire 
(Fig. 20) ; sexes separate ; parasitic on all groups of Echinoderms in 
different seas. Entosiphon, Koehler and Vaney ; visceral mass still _ 
coiled ; shell much reduced ; proboscis very long, forming a pseudo — 
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palliani, whicli covers the whole 
bodj and projects beyond in the 
form of a siphon, and serves to 
put the animal in communica- 
tion with the ext«mal world 
and for the passage of the ova 
(Fig. 21) ; a foot is retained, and 
also a nervous syHtem and oto- 
cystH ; neither eyes, branchia, 
anus, nor rectum ; the stomach 
is a BBC with ramifying caeca ; 
hermaphrodite ; parasitic in the 
Holothurian Drinui blakei, in 
the Indian Ocean. ETttotiphon 
forms the transition to the next 
family. Family 55. Ento- 
COHCHIDAE, Fischer ( = Cochlo- 
syringia, Voigt). Neither shell 
nor spirally coiled Tisceral mass ; 
no sensory oi^ans, nervous 
system, branchia, or anus ; body 
reduced to a more or less tubular 
sac ; endoparasitic in Holo- 
thurians ; probably all herma- 
phrodite, with separate male 

and female gonads ; incubatory 

( " viviparous " ) ; with coachi- 

ferouB and operculiferoua veliger 

larvae, without a retractor veli 

muscle. Genera — Entocolax, 

Voigt ; visceral mass essentially 

genital and forming a swelling 

lUTounded by the pseudo- 

pUlium ; digestive orifice nr 

proboscis at the free extremity ; 

orifice of the paeudopallium at 

the opposite extremity by which 

the animal is fixed ; a second 

Ucesaory aperture of the pseudo- 

pslliuM serves for the passage 

'A the genital products. Two 

Bpecies parasitic in Uolothurians 

Ui the Pacific : E. ladwigi, in b 

Myrictrochui rinkit from the J 

Behring Sea (Fig. 138) ; and E. t 

*Memeati in Ghirodota pisanii \ 

from Chili. Entoconcha, J. Mailer 

(Fig.139); body elongated and tubular ; the aperture of the digestive tract 

rudimentary and situated at the fixed extremity of the body ; protandric 
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hermophrodite with wparate male and female gonads ; parasitic in the 
testis of Holothurians, causing their ahortion. Three specieB are 
known : one in i%naj)fa Aigiiaia (Mediterranean), one in fibJotfturut 
«rfttiis (Philippines), and one in a Holothuria from Puget Sound in the 
North-East Pacific Enterosxnos, Bunnevie ; no peeudopallium and no 
alimentary tract ; male and female gonads separate, with a single 
common genital orifice ; larvae operculiferous. E. ottergreni (Fig. 
140); parasitic in the intestine of 
StJdtopm (Norway), 




Tkibe 2, Heteropoda. 

These are free - swimming Taenioglossa, with the foot flattened 
laterally and the otocysts situated near the cerehral ganglia. There 
are no inandihles and the intestine is short. All the Heteropoda are 
pelagic, and are much modified in adaptation to this mode of existence. 
The foot is very large, and has the form of a fin compressed bilaterally ; 
it bears, in the male at least, a sucker on its ventral aspect (Fig. 142, it). 
The visceral sac or "nucleus" and mantle form a progressively smaller 
and smaller part of the mass of the body (compare Figa. 142 and 143), 
but the head always remains large and forms a cylindrical snout. The 
cerebral nerve-centres are in juxtaposition; the pleural ganglia, still 
visible in the Atlantidae and Pterotracheidae, are attached to them, and 
there are thus two pedal connectives on either side, namely, the cerebro- 
pedal and the pleuro-pedal ; these are separate proximally in Atlanta, but 
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foaed tc^ether for their whole length iu other forme. The pedal centres 
aie situated at the baae of the fin (Fig. 142, ti). The visceral commissnTe 
is fkirl; long, is crossed, aud bears several ganglia, hat there is neither 
dialyneury nor zygoneury. In the Carinariidae, however, there are 
secondary uncrossed viscero-pedal anastomOBes, and in the Pterotracheidae 
the pedal oonnectiTes are fused with the anterior part of the visceral 
eommisfiUM, and behind the pedal ganglia the two branches of this com- 
miesDie are fused together for the greater part of their length. The 
osphiadium is a more or less elongated ciliated oi^^, situated in the 
pallial cavity to the left of the branchia. The otocysts are situated near 




the cerebral ganglia (Fig. 141, ii). The eyes are very lat^e and highly 
•lifferentiated in Btructure ; they are placed at the aides of the cerebral 
ganglia and at Uie bases of the tentacles (Fig. 141, c) when the latter organs 
uist ifit^rotra^Ka. and the female in some Firoloida are devoid of tentacles), 
lie alimentary canal is furnished with a protractile pharyni containing a 
charecteriBtic Taenioglossate radula with very powerful lateral and mai^inal 
teeth. The oesophagus is very long and Blightly dilated in the middle of 
il! lei^th. The stomach and liver arc situated posteriorly (Fig. 142, n) , 
fta intestine is always very short, and in the Pterotracheidae it is no longer 
Wt forward (Fig. 143). The heart is situated near the stomach, and in 
the less specialised Heteropoda (Atkntidae, Carinariidae) ia clearly disposed 
in the same manner as in other Streptoneura, hut in the Pterotracheidae, 
'hieh have undei^one detorsion, it has clearly become an opisthobranch 
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hearL In the Atlantidae there is an aortic bulb ; tbe arterial vbsr 
always end abruptly in sinuees. The ctenidium ie monopectinate an 
completely enclosed in the pallial cavity in Atlania (Fig. 141, i), but itpn 
jecte in Carinana (Fig. 142, t), ia no longer covered by the mantle in Vtm 
tradiea (Fig. 143, 6r), and finally has completely diaappeared in Firvleiia 
The kidney is a transparent and sometimes contractile sac, which Has tk 
same relations as in other Taenioglossa and opens not far from the anus [Pig 
141, q). The gonad is situated beside the liver (Fig. 141, tc). The genitt 
duct ia always rather short, and opens alongside of the anas ;. in the null 
it exhibits a dilatation, the vesicula seminalis (Figs. 141 and 142, y), and it 
aperture communicatea with the penis by means of a seminal groove. Tb 
situated at the base of the foot, and is provided with a glanduk 
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appendage or flageilum. In the femate the genital duct is furnish 
with a copulatory bursa and an albuminiparous gland. The Heteropo 
lay floating eggs imbedded in a gelatinous matriit ; the larvae are chan 
terised by the velum, which is divided into four or six lobea. All t 
Heteropoda are pel^c and transparent, and are generally found in dei 
bands in warm and temperate zones, swimming slowly in a reven 
position, that is to say,' with the foot uppermost They are all ci 
nivoroua. The tribe includes three families which afford a good exam] 
of regressive evolution accompanying a process of detorsion and a retu 
to bilateral symmetry, as in the Opisthobranchs. The specialisation 
the group is marked by a progressive reduction, and finally by I 
disappearance first of the operculum, afterwards of the mantle, a 
finally of the ctenidium and tentacles. The genus Atlanta is e 
provided with a well-developed coiled shell and an operculum, and 
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ohiMCteriatically prosobranchiate. In Garinaria the ahell is uncoiled 
and indimentafy, and there is no operculum. Pteroiroj^wt has neither 
Bh«Il nor tenlacleB and is opisthobranchiate. Finally, Firoioida has lost 
tbe ctenidium. 

Family 1. Atlahtidae, Rang, Visceral sac and ahell spirally coiled 
JB one plane ; foot divided tranavewely into two parts, the posterior part 
bearing an operculam with a sinistral coil (Fig, 43), while the anterior 
part forms a fin provided with a sucker. QeneT^—Oxygyrui, Benaon ; 
shell capable of containing the entire animal, carinated only on the last 
whorl and near the aperture. Atlanta, Lesueur ; shell capable of con- 
taining the whole animal, carinated throughout ; aperture with fisaureB- 
(Fig. 141). Family 2. Carisabiidar, GraBset. Visceral sac and shell 
ranioal and small in proportion to the rest of the body, which cannot be 
irithdiawn into the shell ; foot elongated, fin-ahaped, with a sucker but 
irithout an operculum. Genera — Oarinaria, Lamarck (Fig. 142). Gardio- 



1 : jA, phaiyiii ; pr. 
appenoaga. (From 



ptida, d'Orbigny (Fig, 142, C, D). Family 3. Ptbroteacheidak, Gray. 
Visceral sac very much reduced, without shell and mantle ; anus on the 
posterior part of the body ; foot provided with a sucker in the male 
only. G«Dera — Pterotrachea, Forekil ; no tentacles ; a ctenidium present ; 
* filiform appendage at the posterior extremity of the foot (Fig. 143). 
firolaida, Lesueur ; tentacles present, but no ctenidium and no posterior 
ippendage to the foot. PUroiimta, Lesson. 

Sub-Obder 2. Stenoqlosba. 
PectinibraachB in which the nervoua system is much concentrated 
ud always zygoneurous. The perioesophageal neive-collar is always 
posterior to and is not traversed by the salivary glands. The storaato- 
cic ganglia are situated close to the cerebral nerve-centres and far 
behind the buccal mass, the last-named organ being greatly reduced. A 
veil-developed proboscis, an unpaired oesophageal gland (the gland of 
I Ldblein or poison-gland), a pallia) siphon, and a penis are always present. 
The oBphmdium is bipectinate. The radula is narrow, and in the 
mqoritj of genera (Rachiglosea) has a single lateral on each aide of the 
median or rachidian tooth : in the remainder of the group (ToiigloBsa) 
there is no median tooth, and the radular formula is therefore 1.0.1. 
The Bub-opder is accordingly divided into two tribes. 
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Tbibe 1. Raghiglossa. 

These are Stenoglossa with a highly-developed proboscis, a pallial 
siphon, and rudimentary jaws : the radular formula is 1.1.1 (Fig. 74, H]l 

Family 1. Turbinellidae, Sowerby. Shell solid, piriform, with a 
thick folded columella ; foot broad ; proboscis long ; tentacles conve^ 
gent ; lateral teeth of the radula bicuspidate. Genera — TwihynSliB^ 
Lamarck ; shell with short spire and long canaL Gynodonta, Schumacher ; 
spire and canal short ; shell tuberculated. Fulgur, Montfort ; shell 
piriform ; tentacles short. HemifusiLS, Swainson ; shell fusiform with 
carinated whorls ; tentacles short (Fig. 99). Tudicla, Link. Strepsidwa^ 
Swainson. Family 2. Fasciolariidae, Adams. Shell elongated, with 
a long siphon ; head small and narrow, with short tenacles ; foot rather 
broad and short ; lateral teeth of the radula multicuspidate. Genera— 
FasdolaricL, Lamarck. Fusus^ Lamarck. Clavella, Swainson. Latirus^ 
Montfort. Family 3. Mitridae, Adams. Shell fusiform and solid, 
the spire pointed, the aperture elongated and the columella folded ; no 
operculum ; tentacles elongated, bearing the eyes at their sides ; foot 
narrow ; proboscis very long ; siphon moderately long. Genera — Mitra^ 
Lamarck. Turricula, Klein. Gylindromitra^ Fischer. Imbrica/ria, 
Schumacher. Family 4. Buccinidab, Fleming. Foot large and broad ; 
eyes at the bases of the tenacles ; shell ovoid, with oval aperture ; a 
homy operculum. Genera — Ghrysodomus^ Swainson ; shell fusiform, 
solid, with an unguiculate operculum ; British. LiomestLS, Stimpson ; 
shell ovoid, with a very short canal ; tentacles short ; lateral teeth of the 
radula unicuspidate. Bv/xinum, Linnaeus ; shell ventricose with a wide 
aperture ; operculum oval with sub-central nucleus ; tentacles moderately 
long ; lateral teeth with three or four cusps ; British. Gomindla, Gray ; 
shell fusiform ; the operculum oval to piriform, with an apical nucleus. 
TrUonidea, Swainson ; shell ventricose ; operculum like that of Comindla. 
Pisaniaj Bivona ; shell with a short canal ; operculum unguiculate ; 
lateral teeth tricuspidate. Euthria, Gray ; shell fusiform, with elongate 
spire and canal. Phos, Montfort ; foot broad with two lateral projections 
anteriorly and a slender posterior filament Dipsacas, Klein ; foot 
elongated ; tentacles long ; shell ovoid, solid, with a short canal ; lateral 
teeth bicuspidate. Family 5. Nassidae, Swainson. Foot broad, with 
two slender posterior appendages ; siphon long ; shell ovoid, with a short 
canal ; operculum unguiculate. Genera — Nassa^ Lamarck ; external 
border of the aperture of the shell thickened ; marine ; British. Gcmidia^ 
Adams; exterior border of the aperture simple; fluviatile. Bullia, 
Gray ; shell polished ; tentacles without eyes ; foot very broad ; a 
burrowing form. Family 6. Muricidae, Fleming. Foot truncated 
anteriorly ; tentacles elongated, bearing the eyes on their sides, more or 
less high up ; shell with moderately long spire and canal, ornamented 
with ribs, often spiny. Genera — Murex^ Linnaeus ; eyes half-way up the 
tentacles ; canal almost closed ; British. Trophoriy Montfort ; eyes at the 
bases of the tentacles ; shell lamellar ; canal open ; British. Typhis^ 
Montfort; shell with closed canal and tubular spines. UrosalpinXf 
Stimpson. LachedSy Risso. Family 7. Purpuridae, Broderip. Foot 
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short, obtuse posteriorly ; shell thick with a short spire, the last whorl 

large and the canal short ; aperture wide ; columella flattened ; operculum 
homy. Genera — Purpura, Brugiiifere ; shell not umbilicated, aperture 
smooth ; British. Rapana, Schumacher ; shell ventricose, umbilicated. 
Monoceros, Lamarck ; shell like that of Purpura, but the aperture shifted 
backward and bearing a conical tooth on its external border. Sistrum, 
Montfort ; shell thick, spiny, the aperture contracted by the thickening 
of the margins of the aperture. Concholepa^, Lamarck ; shell ovoid, the 
spire short and the aperture widely dilated. Family 8. Haliidab, 
Fischer. Foot large and thick ; without an operculum ; tentacles thick 
and flattened ; shell ventricose, thin, and smooth, with a wide aperture. 
Genus — Halia, Risso ; from Cadiz and Morocco. Family 9. Cancel- 
LARKDAE, Adams. Snout short ; tentacles long, with the eyes at their 
bases and external ; foot small ; no operculum ; siphon short ; shell 
ovoid with short' spire and folded columella. Genus — Gancellaria, 
Lamarck. Family 10. Columbbllidae, Adams. Foot large, tentacles 
long and convergent ; spire of shell prominent, aperture narrow, the 

canal very short and the columella crenelated. 

Genus — Columella, Lamarck. Family 11. 

Coralliophilidae, Chenu. Foot short ; ten- 
tacles slender and convergent ; siphon short ; 

radola absent ; shell irregular ; sedentary 

animals living in corals. Genera — GoralliO' 

phila, Adams ; shell deformed, with a wide 

aperture and a short canal ; operculum present. 

Ekmchihis, Steenstrup ; no operculum ; the 

aperture of the shell irregular, with the canal 

prolonged into a tube. Leptoconchus, Riippel ; 

no operculum ; the shell globular with a wide 

aperture. Magilus, Montfort ; an operculum 

present ; the last whorl of the shell uncoiled 

and very thick. Bapa, Klein ; an operculum 

present; shell globular and umbilicated, the 

aperture provided with a canal. Family 12. 

VoLUTiDAE, Gray. Head very flattened, and p^^ 144 

transversally widened, with the eyes on the conus Ziw«a«iw, ventral aspect. 

sides ; snout short : foot broad ; siphon with i» ^^^^ of **»e pedal gland ; 11 

. . _ - ' ^ ' -'^, . _ . mantle and opening of the pallial 

internal appendages. Genera — Voluta, Lm- cavity ; iii, operculum ; iv, an- 

»aeu8 ; head with eyes ; Australian seas. ^» T^'^d'JSucie' vi: 

GwoUlea, "Watson ; no eyes ; abyssal. Gymba, siphon ; vii, mouth. (After 

Broderip and Sowerby ; viviparous. Family ^^^ 

13. Olividab, d'Orbigny. Eyes, when present, on the middle of the 

tentacles ; fore part of the foot with a transverse groove ; a posterior 

pallial tentacle ; generally burrowing. Genera — Oliva, Brugui^re ; eyes ^ 

no operculum. Olivella, Swainson ; tentacles without eyes ; an operculum. 

AndUa/ria, Lamarck. Aga/ronia, Gray. Family 14. Marginellidab, 

Adams. Foot very large ; mantle reflected over the shell Genera — 

Margindla, Lamarck ; foot without operculum ; a central gland-pore. 

Pseudoma/rgineUa, Carrifere ; foot with an operculum and an anterior gland- 
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pore. Family 16. Habpidae, Chenu. Foot very great ; without oper- 
culum ; shell with a short spire and longitudinal ribs ; siphon long. 
Oenus — Harpa^ Lamarck. 

Tribe 2. Toxiglossa. 

Stenoglossa without jaws, and with a radular formula of 1.0.1 ; a 
^* poison gland " present, whose duct traverses the nerve-collar. 

Family 1. Pleurotomatidae, Loven. Shell fusiform with an elongated 
spire ; the margin of the shell and mantle notched ; siphon rather long ; 
■eyes situated on the sides of the tentacles. Genera — Glavatula, Lamarck ; 
operculum piriform with a lateral nucleus ; eyes near the extremities of 
the tentacles. Pleurotoma, Lamarck ; operculum oval with nucleus near 
the summit ; eyes near the bases of the tentacles. Mangilia, Risso ; no 
operculum; eyes half-way up the tentacles. Bela^ Gray. Pudonella^ 
Gray. Pontiothavmaf Smith. Family 2. Terebridae, Adams. Shell 
turriculated, with numerous whorls ; aperture and operculum oval ; foot 
small ; eyes at the summits of the tentacles ; siphon long. (Jenus — 
Terebra, Adanson. Family 3. Conidae, Gray. Shell conical, with a 
very short spire and a narrow aperture with parallel borders ; eyes 
borne near the middle of the external sides of the tentacles ; an ungui- 
form operculunj. Gtenus — Gonus^ Linnaeus (Fig. 144). 

Sub-Class IL Euthyneura, Spengel 
( = Platymalakia, von Jhering = Androgyna, Morch). 

These are hermaphrodite Gastropoda, whose radula is generally 
•composed of uniform teeth on each side of the median tooth 
(Fig. 1 45). The head in most cases bears two pairs of tentacles ; 

it is only in Lophocercys, 
the Elysiomorpha, 
Hedyle mUaschetoUdii, 
and the Janellidae that 
there is a single pair. 
The Euthyneura are 
^^°' 145. specially characterised 

Acera buUata, a single row of teeth of the radula ; formula : -l _ 4.1, ^ J A4-ryr»air\r% r^f f Vi air* 
00 .1. 00 . (From Laukester, after Loven.) "7 ^^® UetOrSlOn 01 DDeiT 

organisation when adult; 
this detorsion.is particularly well manifested in the visceral com- 
missure, which is no longer twisted, except in some archaic forms 
of Tectibranchs (Actaeon, Fig. 57) and Pulmonates (Chilina), and 
shows a tendency to the concentration of all its elements round 
the oesophagus (Fig. 146). To such a degi-ee is this concentration 
carried that, with the exception of the majority of the Bullomorpha 
and of Aplysia (Fig. 95), the whole central nervous system is 
aggregated in the cephalic region (Fig. 97), sometimes on the dorsal 
side, as in the Pleurobranchidae and Nudibranchia (Fig. 159), 
sometimes on the ventral side as in the Thecosomata (Fig. 60, n,s). 
The pedal centres are frequently united by a second " parapedal " 
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(FigB. 95, ye, and 96, g.pe) commissure. The sub-class includes the 
two orders, OpiatbobraDchia and Pulmonata. 

Order 1. Opisthobnmchia, Milae-Edwards. 
Marine Euthyneura with aquatic respiration ; the ventricle of 
the heart is generally anterior, and the pallial cavity, when present, 
is widely open. There is a marked tendency to a reduction of the 
shell, which may become internal or disappear. In the naked 
forms spicules are sometimes developed (Pleurobranchidae, Dorido- 
morpha, Hedylidae, Fig. 168, sp.). The order comprises two aub- 
oiders, Tectibranchia and Nudibranchia. 




_ „ . , , ., „ esrebrml ganolian ; o.p, pedil 

m ; q.ji, pleuiml ™ngllon ; g.a.i, mnra-inteatinal gsngllon ; (o.d, dorB»nob« eS csrsbrml 
m; lD.1, totsna lobe of cerebral gMglloii ; no), columelUr nerve; n.(a, Ubial oerve; tuo. 

-p-v OBTTfl; iLpo. light pdUial nerve; iLpar, pariQtat oprvea ; 'K^'pe, penial nerve; n.te, 

ttotMOIar nerve ; o>, oetophiiguB ; «, otocyiit and netve. 

Sub-Ordbr 1. Tbciibbahchia, Cuvier. 

Opisthobiancbs provided in the adult state with a mantle and a shell, 

with the exceptions Runetna, PlewobraneSiaea, the Cymbuliidae, and some 

' iplysiomoTpha. There is a cteuidtum, except in some " Thecoaomata " 

snd " Gymnoeomata," and an osphradium. The sub-order includes three 

tribes, the Bnllomorpha, the Apljeiomorpha, and the Pleurohrauchomorpha. 

TkIBE 1. BULLOUORFHA. 

In these Tectibranchs the shell is usually well developed (it is want- 
ing in Bimcina and the Cymhuliidae), and may be external or internal. 
There is no operculum except in the Actaeonidae and Limacinidae (Fig. 
49, 0})). The pallial cavity is always well developed, and contains the 
ctenidium, in part at least : this ctenidium, except in the Lophocercidae, 
is of the " folded " type. With the exception of the Aplustridae, Lopho- 
cercidae, and Thecoaomata, the head is devoid of apparent tentacles, and 
its dorsal suriace forma a diggii^ disc or shield uaually separate from the 
neck, and with more or less scolloped mai^ns. The edges of the foot 
(parapodia) are continuous with the ventral face of that organ (Fig. 147,/), 
and are often transformed into highly -developed fins (Fig. ISI, YI). 
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Posteriorlj the mantle forms a large "pallial lobe" under the palliil 
aperture ^igs. 98, ii ; 148, 1). The stomach is generally pioTided with 
chitinouB, or even calcified, masticatory plates (Fig. 76, m.y). The visceral 
commiflSTire ia fairly long, eicept in snob speoialiBed fonuH as JJunnua, 
LoMger, and the Thecosomata (Fig. 60, n.i). The hermaphrodite genital 
aperture is connected with the penis by a ciliated groove, except in Actatm 
(Fig. 148), LoHger, and Gavolinia longiToatrin, in which the apermidiict is a 
closed tube. The Bullomorpha are swimmers or burrowers. 

Family 1. AcTAEosniAB, Adams. Cephalic shield bifid posteriorly; 
the margins of the foot slightly developed ; the genital dncts dianlic ; tbe 
visceral commissure streptoneuroua ; the shell thick, with a prominent 
spire and elongat«d aperture ; columella generally folded ; a. corneous 
paucispiral operculum. Genera — Actaeon, Montfort ; British (Fig. 148). 
Solidula, Fischer von Waldheim. TomaUllaa, Conrad ; extinct. Triplaca, 
Tate j from tbe Eocene. Adelaelaton, Cossmann. Actaeonina, d'Orbigny ; 
Carboniferous to recent. BulUna, F^ruesac Bullimila, Beck. AcUteo- 




Actra bjdiatcL HwlmmlDg, 
left-side rtejT. /.BnffootJ: 
■- - -^ aheU. (AfWr 



ndla, d'Orbigny ; from pm. ] 

the Cretaceous. Vol' AOaam lonaiatt, lemovnd from Its 9bel1, right-Bids view. 

rnriiL Tjimftrplr ■ Pjwiit> '■ inferior '"Iw "t the nmntle ; II, glsndular hollow pulliiil 

l([rt»,ljamarOK, J!.OCene. ippendige {mtf ndina W tlie flntwhoris): IILpallinihypo- 

OdostOToiopm, Thiele. hninchial) glauJ ; tV , opening of the jallial civity ; V.eyemd 

Fi»iLY % Eas.co- "P>-»"»-»'iVi,„... 

LisAB, Fischer. Cephalic disc enlarged anteriorly and forming an open tube 
posteriorly ; shell external, thick, with a prominent spire ; no operculum. 
Glenera — Ringicula, Deahayes. Pugnue, Hedley. (Hnulia, Gray ; from the 
Cretaceous. Avellana, d'Orbigny ; from the Cretaceous. Forfitia, Bayan ; 
irom the Eocene. Family 3. Tornatimidae, Fischer. Mai^ins of the 
foot not prominent ; no radula ; shell extemd with inconspicuous spire ; 
no operculum. Genera — Tomalina, Adams ; British. Belusa, Brown. 
Volvuld, Adams. Family 4. Scaphahdridae, Fischer. Cephalic shield 
short, truncated posteriorly ; eyes deeply imbedded ; three calcareous 
stomachal plates, two broad and paired, one narrow and azygos ; shell 
external, with reduced apire. Genera. — Scaphander, Montfort; British. 
Sabatia, Bellardi ; Eocene. Atys, Montfort. Smaragdindla, Adams. 
CyUckua, Loven ; British. Amphitpkyra, Loven ; British. Family 5. 
BOLLIDAa, d'Orb^y. Margins of the foot well developed ; eyes super- 
ficial ; three chitiuous stomachal plates ; shell external, with reduced 
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gpiic Genera — Bulla, Linnaeus ; Britieh. Haiminea, Leach ; Eritieh 
(Fig. 98). Fauily 6, Acbratidab, Pilabry. Cephalic shield continuous 
with the neck ; twelve to fourteen chitinouB atomaclial plates ; a posterior 
paliial filament passing through a notch iu the ahell. Genera— J.(;e7-a, O, P. 
Holler; British (Fig. 147> OylijidTobulla, Fischer. VolvaUUa, Pease. 
FilOLI 7. Aplustridae, Chenu. Foot very broad ; cephalic shield with 




fiaWlna 

i, lUL (Froin Lwlcmter, arUr Adi 

four tentacles j shell external, thin, without prominent spire. Genera — 
Byiatiaia, Schumacher {Fig. 149). AphLgtmm, Schumacher. Micromelo, 
Hlsbry. Favili 8. Philinidag, Adams. Cephalic shield broad, thick, 
«id simple ; shell wholly internal, thin, the spiral much reduced and the 
aperture very large. Genera — Philine, Ascanius (Fig. 68) ; gizzard with 
Gtite similar calcareous masticatory plates ; British. Cryptophthalmut, 
£!hienberg. Chdittodura, Adams. Phanerophthahaiu, Adama Golpo- 
datpit, Sara ; British. Colobocephalus, Sars. 
Family 9. Doridiidab, Fischer. Cephalic 
^lield ending posteriorly in a median point ; 
l%antle well developed ; shell internal, 
largely membranous ; digestive canal with- 
out rsdula and without masticatory plates. 
Oenera — Doridium, Meckel. Navarckvs, 
Cooper, Fauilt 10. Gastroptekidae, 
li'iBcher. Cephalic shield pointed behind ; 
«hell internal, chiefly membranous with a 
calcified nucleus, nautiloid ; parapodia well 
developed, forming fins. Gastropferon, Kosse. 
FahiIiY II. BuNciNiDAB, Adams. Cephalic 
shield Gontinuons with the dorsal integu- 
mente of the body ; no shell ; ctenidium 
projecting from the mantle cavity; four 1 
stomachal plates. Qea^a—Runcina, Forbes ; 
British. Family 12. Lophocbrcidae, 
Adams. Shell globular or ovoid, external ; 
foot elongated, the parapodia separate from 
the ventral surface of the foot ; genital duct diaulic ; visceral & 
short Genera — LoHger, Krohn ; parapodia divided into two fins on each 




antorior Tttmtl 
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side; two paiis of tentacles ; Mediterraneaii. Lophoceretit, Kroha; parapoc 
undivided and applied to the shell ; s, single pair of tentacles ; Medifc* 
ranean (Fig. 160). Family 13. LiMAcairDAK, Gray. Deitral anina 
with visceral mass and shell coiled "pseudo-sinistrally" (ulira-dextrallv; 
operculum with sinistral spiral ; pallial cavity dorsal. Genera — Peraeli 
Forhes ; head prohoscidiform, with symmetrical tentacles ; a ctenidium. 
Limacina, Cuvier ; head mach reduced ; the right teatacle larger than the 
left (Fig. 63); Britiah. Family 14. Cihbdludac, Cantraine. Adult 
without shell ; a sah-epithelial pseudoconch formed hj the connectiw 
tissue ; pallial aperture ventral. Genera — Oymindia, Piron and Lesuenr ; 
pseudoconch thick ; foot with a median ventral filament (Fig. 161). 
Oymhuliopm, Pelseneer ; pseudoconch thin, with a large cavity. GUba, 




Oyv^mtia ftrtmi, swimming, left-sidfl view. 
11, tbe Bob4pithel»l pHDdoconcb ; 111, vlscen] 
otthefDot; VI, leafin. (After Delia Chw|e,) 

Forskal ; pseudoconch thin, with scarcely any cavity. Desmoptenw, Chun 
each fin with a posterior filament. Family 15. Cavoliniidae, d'Orbignj 
Visceral mass and shell not coiled, symmetrical; pallial aperture ventra 
Genera — GavoUnia, Abildgaard ; visceral mass and shell more or les 
flattened dorso-ventrally (Fig. 153) ; pallial appendages present which pas 
through lateral fiBaures in the shell. Clio, Browne ; mantle withon 
projecting appendages ; shell not septate ; universally distributwl (Fig. 16S 
Owm^rvna, Boas ; shell with a posterior septum ; circular in section. Th 
three last families form the group formerly known as " Thecosomatou 
Pteropods." These animals are characterised, in contrast to other allie 
MolluBca, by the foot, which is entirely transformed into two anterio 
symmetrical fins ; by the existence of a mantle and mantle-cavity ; by th 
absence of eyes in the adult j hy the absence of a (ftenidium, except i 
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certain species of Feraclis and CavoUnia ; and by the position of the nerve- 
centres at the sides and on the ventral side of the oesophagus. All three 
families are pelagic. 




Pio. 162. 

Clio acUnUaf ventral aspect. C, 
wing-like lateral lobe of the foot ; d, 
median x)Osterior lobe of the foot ; e, 
genital opening ; %, pointed extremity 
of the shell ; i, anterior margin of the 
shell ; n, stomach ; 0, liver ; p, heart ; 
tt, hermaphrodite gland. (From Lan- 
kester, after Souleyet.) 




Pio. 158. 

Shell of Cavdinia tridenUUa, seen 
from the right side. /, poster© -dorsal 
surface ; gr, antero-ventral surfieice ; fc, 
median dorsal spine ; i, mouth of the 
shell. (From Lankester, after Souleyet.) 



Tribe 2. Aplysiomobpha. 

In these Tectibranchs the shell 
is always much reduced and more 
or less internal, or it may be alto- 
gether lost in the adult, e.g. in 
Fhyllaplysia and the Gymnoso- 
mata. The head bears two pairs 
of tentacles. The margins of the 
foot, or parapodia, are separate 
from the ventral surface and are 
generally transformed into natatory 
lobes (Fig. 155, fi). The visceral 
commissure, except in Aplysta, is 
very much shortened. The genital 
duct is monaulic ; the hermaphro- 
dite duct is connected with the 
penis by a ciliated groove (Fig. 
154). The animals comprised in 
this tribe are crawling or swim- 
ming forms. 

Family 1. Aplysiidab, 
d'Orbigny. The shell partly 
covered in, or internal (absent in 
Aplysiella) ; the foot long, with 
well - developed ventral surface. 
(Jenera — Aplysia, Linnaeus ; shell 
incompletely covered ; parapodia 
broad ; visceral commissure long ; 



British (Fig. 154). Dolabella, 
lamarck. DoUjhrifer, Gray. Aplystella, Fischer j shell only slightly 
covered in ; parapodia slightly developed ; visceral commissure short. 
Phyllaplysia, Fischer ; parapodia slightly developed ; no shelL Notarchus, 
Clavier ; shell internal, much reduced ; parapodia fused together dorsally 
X) form a contractile sac surrounding but not attached to the visceral sac. 




Aplytla liporiiut {dorsa! aspect), with the penipodiB anj maDtle refleetfid from the raid-ltne. 
a, anterior oephaLic tentacle ; b, posterior laataclB (batweon o and fc, the ejBB) ; c, right pan- 
podia ; d, left parapodia ; e, hinder part of viaoere,! aunip ; f,a, Rntenor part of the foot, under' 
lyin^ the head ; f-p, poat«rLor ovtreimty of the foot ; a, ctanidium ; h, the maatlo-sbiTt tighUy 
spread oier the homj Hdell and puBhsd *lth it towards the left aide ; (, the gpermatio groove ; 

of part of the renal sac below tiie aui&cs ; o, «it«nial aperture of tbe kidney ; p, atias. (After 
Linkeater.) 




Da^obra^tchofa paacideiu, Boaa, 
■entml aspect, V. c.r, posterior 
itllated ring;/, anterior part of the 
Oct ; f, posterior part of the foot ; 
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FiuLi % PMXUUONODERUAnDAE, QtKj. Shell and mantle Abeent ; foot 
diorter than the visceral mass, and with a inuch-rednc«d ventral Borface ', 
paiapodia h^hly developed and fin-shaped ; pharynx evaginable, with 
9itckeiB. Genets — Dedobrancluiea, Boas ; auckera independent ; no terminal 
p(Mt«rior branchia. Pmumonoderma, Cuvier ; suckers united on two lobes ; 
a quadriradiate terminal brancbia. Spongu^ircmchaea, d'Orbigny ; a 
simple anuuliform teruiinal branchia. Schisobraehiwrn, Meisenheimet ; 
acetabuliferouB appendages ramified. Fauilt 3. Cliomopsidae, Coatuu 
No buccal appendages or anckera ; a very long evaginable proboscis j a 
quadriradiate terminal branchia. Qeuus — Clionoprii, Troschel. Fauili 4. 
NoTOBRANCHAKiSAB, PelBeiieer. Posterior branchia triradiate. Genua — 
NotobrancAaea, Pelaeneer. Family 5. Thliptodobtidab, Kwietniewski. 
Head very lai^e, not marked off from the body ; neither branchia nor 
suckers ; fins situated near the middle of the body. GenuB — Thliptodtm, 
Boas. Family 6. Clionidae, Gray. No branchia of any kind ; a 
short evt^^inable pharynx, bearing paired conical buccal appendages or 
"cephalocones." Genera — Clione, PaUas. Paradione, Tesch. Fowlerina, 
Pelseneer. Family 7. Halopbychidae, Pelaeneer. No branchia ; two long 
and branched buccal appendages. Genus — Halopsyche, Boas (Fig. 1&6). 

The last six families form the group formerly known as the " Gymno- 
somatoua Ftetopoda," characterised by the absence of the mantle and shell, 
the reduction of the ventral surface of 
the foot, and the fin-shaped parapodia 
placed at the anterior end of the body. 
They are all pelagic. 

Tbibz 3. Pleurobrahchomorfha. 

In these Tectibranchs there are 
two pairs of tentacles. The foot ia 
devoid of parapodia. There is no . 
pallial cavity, but there is always a 
single ctenidium situated on the right 
side and occupying the space between 
the mantle and the foot. The genital 
duct is diaulic, without an open 
seminal groove ; the male and female 
apertures are contiguous. The vis- 
ceral commissure is short, and le- 
^aembles that of the Nudibranohs in 
showing a tendency to the fusion of 
the snpra-inte«tinal and sab-intestinal 
with the pleural ganglia, and the j 
concentration of all the ganglia ( 
the dorsal side of the oesophagus. prebmoc 

Family 1. Tylodinidae, Mazza- ^Si" 
relli. Shell external and conical ; the 
anterior tentacles form a frontal veil ; the ctenidium extending only over 
the right ^de ; a distinct osphradium. Qenns — Tyhdina, Bafinesque ; 




Pteuro&macAaca ™< 



?sn 



alsapMt. I, 



: IS, expanded pi 



174 THE GASTROPODA 

Mediterranean. Fauily 2. Umbrellid&b, Gray. Shell external, """■" — 
and miicli flattened ; anterior t«ntacles veiy small and situated togeth^ 
with the mouth in a notch m the foot helow the head ctenidium t^-j 
lai^ extending above the neck Gtenua— J/mfrre/ia Lamarck (Fig. 16^ 
Family 3. Plbcbobeanchidae, Gray Shell coTered by the mantle c 
absent; the interior tentacles form a frontal veil , spicules are formed iz. 
the mantle; foot flattened. Genera — PUurobrantkus, Cuvier ; mantle 
long and broad; shell internal, with a short spire Berthella, Blainville 
HattotiTiella, Souverbie (ttconiMs, Leach , Bntish Otcaniella, Bei^L 
Otcaniopfis, Bergh. PUurobranthata, Meckel , mantle short and narrow ; 
no sheU (Fig. 157). 




UmbnUavuditenvntarTi^'htBldtv.- . .. . _ ... . 

free edge of the inantle is seen just below tha margin of the sbsll (Piom Lsiiketitar, ifl«r 

Sub-Ordbr 2. NtFDiBRAHCHiA, Cuvier. 

Naked Opisthobranchs without a shell is the adult state ; without 
ctenidium and osphradium. These animals are generally sli^-like and 
exhibit an external symmetrj. The visceral mass, except in the Hedylidae, 
is no longer a sac marked off from the foot, and the dorsal integuments 
frequently give rise to appendages which are subservieiit to respiration. 
The nervous system is uiuch concentrated; the ganglia are generally 
uuited on the dorsal side of the oesophagus ; the supra-Lnteatinal and 
infra-intestinal ganglia are fused with the pleurals (Fig. 159, a) ; the fusion 
of the centres is sonietiines carried to a gieat extent (Tethy$), but the 
several infra-oesophageal curamissures (pedal, visceral, and s tomato-gastric) 
always remain distinct. The visceral commissure is always reduced, and 
is generally without a ganglion. Accessory stoniato-gastric or "gastro- 
oesophageal " ganglia are present. The gonad is subdivided into male 
and female acini (Fig. 102, B) except in the Elyaiomorpha. The Nudi-^ 
branch ia are marine, generally carnivorous, and brightly coloured, 
affording many instances of mimicry. There is no osphfadium, hut its 
absence is compensated by the increased development of the olfactory organ 
or rhinophore. In ontogeny the free veliger stage of Nudibranchs (Fig. 61) 
is followed by a planariform creeping stage, during which the shell is 
rapidly lost (Fig. 1 1 6, B) ; and finally the dorsal appendages are acquired, 
notably the dorsal papillae of the Eolids, of which the most anterior are 
the first to be developed. Onto is the only form that leaves the egg in 
the adult condition ; it has no embryonic shell, and the embryonic velum 
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is extremely reduced. The pliylogenetic relationships between the Nudi- 
braDchs and Tectibranchs are clearly exhibited by the organisation of the 
Plearobranchomorpha, in which there is neither a pallial cavity nor an 
osphradium, and the respiration is largely pallial. The shell is altogether 
al^nt in Pleurobranchaea ; the nervous system is concentrated on the 
dorsal side of the oesophagus ; spicules and cnidocysts are found in the 
dorsal integuments. The mantle of the Doridomorpha is completely 
homologous with that of the Pleurobranchidae, and is in no wise to be 
regarded as an epipodium reflected over the dorsal surface of the body. 




Fio. 159. 

Xervous system of Goniodoris, dorsal view, a, cerebro-pleural ganglion, with eye and oto- 
^st ; h, pedal ganglion ; c, sub-cerebral commissure ; d, visceral commissure ; e, visceral nerve ; 
A genital nerve ; g, penial nerve ; h, pallial nerve ; i, tentacular nerve and ganglion ; j, stomato- 
S^ric ganglion. 

Tribe 1. Tritoniomorpha. 

Nudibranchia in which the liver is wholly or partially contained in 

t;he visceral mass. The anus is lateral, on the right side. There are 

generally two rows of ramified dorsal appendages (Fig. 83, II). The genital 

^uct is diaulic ; the male and female orifices contiguous. Family 1. 

Tritoniidae, Adams. The anterior tentacles form a frontal veil ; the 

:foot rather broad. Genera — Tritonia, Cuvier ; stomach without homy 

plates ; British (Fig. 83). Marionia, Vayssifere ; stomach with homy plates. 

Family 2. Scyllaeidae, Alder and Hancock. No anterior tentacles; 

dorsal appendages broad and foliaceous ; foot very narrow ; stomach with 

homy plates. Genus — Scyllaea, Linnaeus ; pelagic Family 3. Phyllir- 

hoidae, Adams. No anterior tentacles and no dorsal appendages ; body 

laterally compressed ; transparent natatory forms. Genus — Phyllirho'e^ 

P^ron and Lesueur (Fig. 161). Family 4. Tethyidae, Alder and 

Hancock. Head broad, surrounded by a funnel-shaped velum or hood ; 

no radula ; dorsal appendages foliaceous. Genera — Tethys, Linnaeus ; 

foot broad; no mandibles (Fig. 160, B). Melibe, Rang; foot narrow; 

mandibles present. Family 5. Dendronotidae, Alder and Hancock. 

Anterior tentacles forming a scolloped frontal veil ; dorsal appendages and 

tentacles similarly ramified. Genera — Dendronotus, Alder and Hancock ; 
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British. Ccaivpaqit, Bei^L Fakilt 6. Bobneludao, Fucher. The 
doraum gamuhed on either aide with papillae at the basea of wliioh are 




A, Boiii papUdaa, dorssl tIbw; a, poatarlor cfiphallc tenhiclo (rhlnophore) ; 6, imtericr 
cepli&lic tenlAcIe ; c, th« doiuL paplllu. B, TeOiyi Uporiixa, dcraa] view ; a, the csplialic liood ; 
I — i.i.. i.„...i. . . — 1, , i^ gdnital pore ; e, snuH ; /, Isrge dorsal pipilias ; g, SDuOler 



dorsal paplLla« ; \, margin of tbe foot. C, 
mugla ot tbe bW ; /, sole of ths foot ; m 

Cuvler, aDdAUman] 



ii^jj 




PhuairiUK tnuxphatuBi, rightHlkle riew ; 

osmitted Ugbt. a, moul^ ; b, ndnlar 
c, oesophagus ; d, iDlestlue ; d. 

It. ir.'lT. tbi ?our loh^f thi Tni \ 
the heart (auricln and ventricle) ; I, the 
nil aac ; 2', the ciliated reno-pericardW 

nal «1C ; n, the cairsbrKi ((anglloD ; o, 

Bdiisa JUnulm, usually fouDd attached 



ramified appendages. Oenus — Bometla, Graj. FjLHILT 7. Loha^otidab, 
Bergk Bod; flattened ; the two doreal borders prominent and foliacwuB 
QenuB — Lomanotus, Verany ; British. 
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TrIBB 2. DORIDOUOREHA. 

Nndibranchia with external symmetry, in consequence of the median 

positioa of the anua, which is posterior and generally dorsal, and sur- 

' rounded by ramified pallial appendages constituting a eecondary branchia 

(Fig. 162, 3), The liver is not ramified in'the integument*. The genital 

dact triaulic. Spicules present in the mantle. 

Fauily 1. PoLTCERATiDAE, Abraham. A more or leas prominent 
frontal veil \ bronct^iae non-retractile. Genera — Ev^XoavrnvLS, Philippi 
(Fig. 162); ramified dorsal appendages on the border of the mantle. 




■yiT/i 




n, aniu ; /. tool. ; fr.a, fronts! app 
t^96 ; 9, gill ; pa.a, palllal appends 
rfc, rhinophote. (After Vsyssi^re.) 



Aw^tXti cn^iata doresi 



like pHUbl appendage) pgateno 



Polycera, Covier ; the mantle border bears on each side a single posterior 
pointed appendage ; British. Thecacera, Johnston ; the mantle border 
with club-shaped appendages ; the branchia formed of three lobes directed 
forwardfl ; Britiah. AegiTus, Loven ; body tuberculate ; rhinophores not 
lamellar ; a dorsal mandible ; British. Plocamaphenu, Leuckart. Patio, 
Gray. Crimora, Alder and Hancock. THopa, Johnston, British. Trio- 
pella, Sars. Familv 2. Qomiodorididae, Adams. Mantle border pro- 
jecting ; frontal veil reduced and often covered by the anterior border of 
the mantle. Genera — Gonwdoris, Forl>e8 ; frontal veil not continuous 
with the mantle ; mantle quadrangular and incised posteriorly ; British. 
Acanthodorii, Gray ; mantle oval, papillate ; rhinophores retractile ; British. 
Id^ia, Leuckart ; mantle reduced and fringed with long appendages ; 
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rhinophores very long, non-retractile ; British. AiM^hi^ Loven ; mant7 ^ 
border scarcely distinguishable, without appendages ; rhinophores brancheci / 
British (Fig. 163). DorUlunctdiLS, Sars. Lamellodoris, Alder and Ha»- 
cock. AncylodoriSf Dybowsky, the only freshwater Nudibranch, from Lake 
Baikal, probably belongs to this family. Family 3. Heterodorididae, 
Fischer. No branchia. GKcnus — Heterodoris, Verrill and Emerton. 
Family 4. Dorididae, Gray. Mantle oval, covering the head and the 
greater part of the body ; anterior tentacles ill developed ; branchiae 
generally retractile. Genera — HexahranchuSf Ehrenberg ; branchiae made 

up of separate fascicles, retfactile within distinct 
cavities. Doris, Linnaeus ; mantle elliptical, 
covering the whole body ; branchiae tri- or ' 
quadri-pennatifid ; British (Fig. 160, C). (Sub- 
genera — Archidoris, Bergh. Rostanga, Bergh. 
Aldisa, Bergh. Gadlina, Bergh. Jorunna, Bergh. 
Platydorisy Bergh). ChroTnodoris, Alder and 
Hancock ; body long and narrow ; foot longer 
than the mantle ; branchial plumes simply 
pinnate. Family 5. Doridopsidae, Alder. 
Pharynx suctorial ; no radula ; peri -branchial 
rosette on the dorsal surface, above the mantle 
border. Genus — Doridopsis, Alder and Hancock. 
Family 6. Corambidae, Bergh. Anus and 
branchia posterior below the mantle border. 
^r^iZ^cl^^^AtZ] Qenus-Commfte, Bergh (Fig. 164). Family 7. 
f?,*paiiiai gills; m,Diouth; WO, Phyllidiidae, Alder and Hancock. Pharynx 

*' mantle "; t, tentacle. (After j.'iv -i* j- j.i.ijj 

H. Fischer.) suctorial ; branchiae surrounding the body and 

placed between the mantle and the foot. Genera 
— Phyllidea, Cuvier ; anus dorsal. Fryeria, Gray ; anus posterior between 
the mantle and the foot 

The three last families constitute the sub -tribe " Porostomata," 
characterised by the reduction of the buccal bulb, which is transformed 
into a suctorial apparatus. 

Tribe 3. Eolidomorpha ( = Cladohepatica). 

Nudibranchs in which the whole of the liver is contained in the 
integuments and the tegumentary papillae (Fig. 77). The genital duct 
is diaulic, and the male and female orifices are contiguous. A pair of 
laterally placed mandibles is present (Fig. 73, A). The anus is antero- 
lateral, except in the Proctonotidae, in which it is median. The tegu- 
mentary papillae are not ramified : they frequently contain terminal sacs 
(cnidosacs), which communicate on the one hand with the exterior, on the 
other hand with the digestive canal (Fig. 165). The cnidosacs contain 
nematocysts, which according to Wright and to Grosvenor are derived 
from the various species of Hydroids on which the animals feed. The 
nematocysts are invaginated while they are in the cnidosacs, but when 
expelled from them they are evaginated (Fig. 166). In some species of 
Hedyle and Psevdovermis, in which there are no tegumentary papillae. 
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«ac8 are found in the int^umenta ; t,g. Psnultnwrmu ■paradoxM 
H 169)- 

Fahlt 1. GouDiDAE, d'Orbigny, Dorsal papillae Bpindle-shaped or 
dal^^haped, each ending in an open aac of endodennic origin vliich 
communicatea with a hepatic caecum and contains nematocj'stti. Genera 
—EoUs, CuTier ; the anterior angles of the foot prominent ; rhinophores 
Bmooth ; dorsal papillae compressed ; British . 

160, A), Facelina, Alder and Hancock ; \ 

rhinophores foliated; radula 
triaerial ; British. Tergipes, 
Cavier ; rhinophoreB a mple 
radnla unisenal dorsal pa 
pillae in a amgle row on 
either side otocjet with an 
otolith ; British Gonteohi 
Bei^h ; no eyes. Citlkona 
Alder and Hancock Emble 
tonia. Alder and Hancock 
Oalvina, Alder and Hancock ^ 
Cahna, Alder and Hancock 
Hero, Loven a frontal 
velum ; rhinophores simple 
dorsal appendages in umbel 
liform clusters Family 2 
Qlaocidae, Qray. The 
body furnished with three 
pairs of lateral lobes bearing 

the tegumentary papillae; i^o. 1B&. 'i?'\ 

foot very narrow ; free- , Hsgitul Hoction of b 11 H 

swimming pelagic tornis. cnldocystic sac ; d, duct ^^ 

Genus — Qtauma, Forster. S'eituf'^u^'^d th« f "■ i<«- 

Family 3, HEDYLIDAE, cnldocyBtic bbc ; (j., eiter. EVBBinal«d ciiidocyat 

Bergh. Body elongated ; ^^ ^^'^™ ■*■"' *'^- (iXr*vJj£'i'^«.'r' " ^ 
the Tisceral mass marked 

oif from the posterior part of the foot ; dorsal tegumentary append- 
ages absent or reduced to a single pair ; spicules developed in the 
integument. Oetiw—IMyU, Bergh (Fig, 168) ; from the Black Sea, 
Sea of Marmora, Mjtilene, Flores. Family 4. Pbecdovehmidak, 
Pelseneer. Head devoid of tentacles ; body elongated ; the anus on 
the right side. Genua — Pseudovermia, Periastavzeff (Fig. 169); from 
the Black Sea and Mytilene. Family 5, Proctonotidab, Alder and 
Hancock. Anus situated posteriorly in the median line of the back ; 
anterior tentacles atrophied ; foot broad. Genera ^ — Janut, Veraiiy ; 
a median crest between the thinophoies ; British, I'roctonotus, Alder 
and Hancock ; no intertantacular crest ; British. Family 6. DoTourriAE, 
Adama. Bases of the rhinophores surrounded by a sheath ; dorsiil 
papillae club-shaped and mure or less tuberculated, arranged in a single 
I'Ow on either side of the dorsum ; no cnidosacs. Genera — Dolo, Okeii ; 
a frontal veil ; Britisi). Oellina, Gray ; no frontal veil. Heriiiiwrp!iti, 
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Bergli. Fault 7, Fionidab, Alder tuul Hancock. Dorsal tegumentary 
papillae provided with a membranous eipansion ; liver in the form of 
two longitudinal canale into which the caeca of the dorsal papillae open ; 
male and female oritiuee at Bome distance from one another ; pelagic 




Genus — Fwia, Hancock and Erableton, Famif.y 8. Pleubophtllididae, 
Adams. Anteiiop tentacles in the form of a digging shield ; mantle 
naked ; tegumentary papillae or " hranchi* " situated along the sides of 
the foot, beneath the mantle border. Genus — Pleuropkyllidia, Meckel 
(Fig. 167). Family 9. Dermaiobrakceidae, Fischer. Like Pleuro- 
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phyllidta, but wholly devoid of " branchiae." Genus — Dermatohranchus, 
van Hasselt. 

Tribe 4. Eltsiomorpha. 

Nudibranchia in which the liver ramifies in the integuments and 
extends into the dorsal papillae. The genital duct is always triaulic, 
and the male and female orifices are distant (Fig. 105). The gonad is 
divided into spheroidal hermaphrodite lobules. There are no mandibles, 
and the radula is uniserial. There is never more than one pair of tentacles, 
and these are wanting in Alderia and some species of Limapmvtia. The 
otocysts contain each a single otolith. 

Family 1. Hbrmabidab, Adams. Foot narrow ; dorsal papillae 
without nematocysts, linear or fusiform, and disposed in several series. 
Genera — Hermaeaj Loven ; rhinophores split throughout their length ; 
dorsal papillae linear ; anus antero-dorsal ; British. Stiliger, Ehrenberg ; 
rhinophores simple ; dorsal papillae fusiform or ovoid ; anus antero-dorsal. 
Alderia, AUman ; anus median and posterior; no tentacles; dorsal 
papillae linear ; inhabitants of brackish waters ; British. Family 2. 
Phyllobranchidae, Bergh. Foot broad ; dorsal papillae without 




Fig. 170. 
Cenia cocksi, left-side view, magnified a, anus. (After Hancock.) 

nematocysts, flattened and foliaceous. Genera — Phyllohranchus, Alder 
and Hancock ; foot simple ; anus latero-dorsaL Gyerce, Bergh ; ventral 
part of the foot divided transversely ; anus median. Family 3. Plako- 
BRANCHIDAB, d'Orbiguy. Body depressed, without dorsal papillae, but with 
two very large lateral expansions with dorsal plications ; head flattened ; 
eyes approximated. Genus — Plakohranchus, van Hasselt Family 4. 
Elysiidae, Adams. Body elongated, with lateral expansions ; head 
rounded and eyes separated ; tentacles large ; foot narrow. Genera — 
Elysia, Risso ; British (Fig. 160, D, E). Tridachia, Deshayes. Family 6. 
LiMAPONTiiDAE, Adams. No lateral expansions of the body and no dorsal 
papillae ; body planariform ; anus dorsal, median, and posterior. Genera 
— Limapontiay Johnston ; no tentacles ; head and body devoid of crests ; 
British. Adaeonia, Quatrefages ; head carinated laterally ; British. 
Cenia, Alder and Hancock ; head with two long tentacles (Fig. 170). 

Order 2. Pulmonata, Cuvier. 

Euthyneura with a pallial cavity but no ctenidium. The pallial 
aperture is diminished by the fusion of the mantle border with the 
neck, and reduced to a comparatively small contractile orifice at its 
posterior extremity (Fig. 177, V). The pallial cavity and shell are 
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often reduced ; the latter may be partially covered over, or internal, 
or even absent. There is never an operculum in the adult, except 
in Amphihola^ and an operculum is only found during development 
in the Auriculidae, Siphonariidae, and Oncidiidae, all of which are 
marine forms. In the pallial cavity the interior wall of the mantle 
is traversed by vascular arborisations (Fig. 86, X), and thus con- 
stitutes a pulmonary organ adapted for breathing air. In the 
Janellidae the pulmonary cavity is prolonged into fine respiratory 
canaliculi (Fig. 90, tr\ and thus becomes a tracheal lung. It is 
much reduced in the Oncidiidae, and in Ancylus and the Vaginulidae 
it disappears as a consequence of the complete abortion of the pallial 
cavity. In some rare cases the pulmonary cavity may be filled 
with water, and then its wall may give rise to a secondary branchia 
which is not the equivalent of a ctenidium {Siphonaria^ Fig. 174, 
III). In other cases the inferior pallial lobe, situated beneath the 
pulmonary orifice of the Basommatophora, may be transformed 
into a branchia (Planorbidae, Figs. 89, g, and 175, hr). The auricle 
of the heart is usually anterior (Fig. 86), as is the case in the most 

archaic Opisthobranchs, and it is only 
in the excessively detorted forms such 
as Testacella and the Oncidiidae that 
the ventricle lies in front of the 
auricle. The kidney usually has a 
more or less elongated duct or 
"ureter " (Stylommatophora, Fig. 
86, V). In the nervous system, as a 
rule, all the ganglia are concentrated 
round the oesophagus and are closely 
apposed to one another (Fig. 146), bat 
this is not the case in some archaic 
Basommatophora such as Chilina'i 
Auricula, Latia (Fig. 96). In tb-^ 
Auriculid Fythui, the spermiduct re- 
tains the character of an open ciliated 
groove leading from the hermaphro 
dite apertiu-e to the penial orifi43« 
(Fig. 171, ci): in other Auriculid^^^ 



in.o 




Fio. 171. 



Reproductive apparatus of Pythia. this grOOVe is simply closod tO for:*^ 

^o^tTSK?L«dil^ a canal extending from the hern^^; 

spermoviduct ; g.gi, ovo-testis; /i.o, phrodite to the male orifice. In ^1 

nermaphrodite orifice ; w.o, male orifice; -^ , ^^ , 

muc, mucous gland ; pe, penis ; ret, re- other PulmonateS there IS UO lon^^'^ 

tractor muscle of penis ; r.s, recepta- ., i -^ v , I^»r-«o 

culuiu seminis; sp, spermiduct; spo, a COmmon genital Orilice, DUt tJ-^** 

(TftTpiat'e?) ' '^■*' ^^"^""^^ ''^^^^^' hermaphrodite duct bifurcates ^ 

form a distinct oviduct of grea't^*^ 
or less length, and the primitive hermaphrodite aperture beconc»-6S 
the female orifice. As a result of secondary changes, the orifi_<^®^ 
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of the oviduct and penis may be approximated, a condition found 
in the majority of the Stylommatophora (Fig 104) 

The Piilmonatea never have a free larval form , if a veliger is 
developed it is alwaya contained in the egg membranes. The 
majority of Stylommatophora do not pass through a veliger stage, 
and in other forms the velum is almost always ill developed (Fig. 




A tertu of atTlomniatophorous Pulmpnata, HlinwinK the reduction of the sliell. A, Bdii 
pnmilta: S, DaadebaTdia irevipa ; C, Teataalla Imliali^: D, AHonater. a, eitemal shell ia 
A B,C: Hhsll-9»c (cloiBd) in O ; 6, orLllco of Ihe pBllial or pulmonary cavity. . (From L«nkest«r, 
«ft« Krussic, PteHTer, and Reeve.) 

119, A, ve). The Pulmonates are for the most part aerial, but 
some live in fresh wattr, and others, but they are exceptional cases, 
are marine. The Pulmonates are distributed over the whole world, 
and include some seven thousand species, of which more than half 
belong to the genus Helix. Most of them enter into a resting stage 
during some part of the year ; in the summer in hot climates, in 
the winter in cold climates. In our country the hibernation lasts 
for rather more than a third of the year. 
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The Pulmonata are divided into two sub-orders, Basommatophora 
and Stylommatophora ; the former are generally aquatic, the latter 
terrestrial. 

Sub-Order 1. Basommatophora. 

Testaceous Pulmonata with an external shell. The head bears a 
single pair of well-developed' contractile but not invaginable tentacles, at 
the bases of which are the eyes (Fig. 107, I). The stomach, or at least a 
part of it, is very muscular. The penis is at some distance from the 
female aperture, except in Amphihola and Siphonaria, All have an 
osphradium (except the Auriculidae, which are terrestrial), which is 
situated outside the pallial cavity in those forms in which water is not 
admitted into the lung {Limnaea^ Planorhis, Fig. 89, etc.). There is a 
veliger stage in the development, but the velum is reduced. 

Family 1. Auriculidae, Blainville. Terrestrial and usually mari- 
time animals ; the genital duct monaulic, the penis being connected with 
the hermaphrodite opening by an open or closed groove (Fig. 171) ; shell 

with a prominent spire, the internal 
partitions often absorbed and the aper- 
ture denticulated. Gknera — Auricula, 
Lamarck ; foot not divided ; tentacles 
swollen at their extremities ; shell 
thick, oval, with an elongated aper- 
ture, and two folds on the columellar 
border. GasstduUi, F^russac ; foot 
not divided transversely, but bifid 
posteriorly ; tentacles tapering ; shell 

solid, umbilicated, with a short spire 

Alexia, Leach ; tentacles swollen and 




Fig. 173. 



OtiTia Otis, left-side view, coq, shell ; oo, 
eye ; p, foot. 



pigmented at their extremities ; shell thin with a pointed spire, th 
exterior border of the aperture slightly thickened ; British (Fig. 67) 
Melampios, Montfort ; foot divided transversely and bifid behind ; shel 
solid, with a short spire and a narrow aperture. Gcvrychium, Mtiller 
tentacles thick and short, with the eyes on the inside ; shell small an 
short ; the aperture oval with a denticulated internal border ; terrestrial 
British. Scarabus, Montfort ; foot not divided ; tentacles tapering ; sheC 
oval with a pointed spire, and a very constricted aperture, the margins 
bearing alternate teeth. Leuconia, Gray ; foot divided ; tentacles shor»^ 
and compressed ; shell thin, oval, with a conical spire ; aperture oval- 
the columellar border with a single fold ; British. Blauneria, Shuttle— 
worth ; shell sinistral ; aperture elongated, with a single columell 
fold. Pedipes, Adanson ; foot divided transversely ; shell globular ; th< 
two borders of the aperture dentate ; partitions not absorbed. Family 2 
Otinidae, Chenu. Shell with a short spire and a wide oval aperture 
tentacles short. Genera — Otina, Gray ; shell auriform ; marine ; Britis 
(Fig. 173). Gamptonyx, Benson; shell conical with a spiral summit 
terrestrial Family 3. Amphibolidae, Adams. Visceral mass and she 
spirally coiled ; head broad, without prominent tentacles ; foot shor*^ 
operculated. Marine. Genus — Amphihola, Schumacher ; from Ne^^ 
Zealand. FamiiTy 4. Siphon ariidae, Adams. Visceral mass and she"— 
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conical tentacles atrophied head expanded genital oiilicea contiguona ; 
marme animah with an aquatn. pallia! cavity containing secondary 
branchiallam nae. Glenera — Siphonana howerhy (Fig 174) Hercynella, 
Kayser from the Devonian Family 5 QADiuiiDiB Gray. Visceral 
mass and shell conical head flattened pulmonary Lavit; aquatic, but 
without a branchia genital oniiceB separated Genus — Gadinia, Gray. 
Fauil; 6 Cbilinidae Dall Shell 01 old with a short spire, wide 
aperture and folded columella tentacles broad and flattened ; inferior 
pallial lobe thick visceral commisaure still twisted Genus— ChiiiTia, 
Gray nvera of Patagonia. Family 7 Limnakidae Broderip. Shell 
thin, deztral with prominent spire and oval aperture tentacles angular 
and flat no infenor pallial lobe Genera — Ltmnaea Linnaeus (Fig- 
107) shell whoLy external with a pointed spire, British. Anvpki- 




Jie Mricsmimn ; II, kidney ; III, 
i'ph^iti'l pti'iiilU;VlII,'inferior palliBl 

peplea, Nilleon ; shell in great measure covered by the mantle, globular, ■ 
with a very short spire ; British. Family 8. Pompholygidae, Dall, 
Shell hyperstrophic (ultra-sinistral, that ia to say, with an apparently 
dextral coil) with an obtuse spire ; the animal sinistral. Genera — Pom- 
pkolyx, Lea; tentacles dilated at their eitremitiea ; shell depressed, the 
last whorl ventrieoee ; from California. Choanomphalm, Gerstfeldt ; shell 
umbilicated, with convex whorls ; tentacles slender ; Lake Baikal and 
California. Family 9. Planobbidae, Adams. Visceral mass and shell 
siniatrally coiled ; inferior pallial lobe very prominent and transformed 
into a branchia ; tentacles tapering. Genera — Planorbis, Quettard ; 
shell discoid ; branchia not folded (Fig. 89) ; British. Btdiniu, 
Adanson ; shell ovoid with prominent spire ; branchia folded (Fig. 175), 
AfirofcMto, Saraain. Family 10, Ancylidae, Menke. Shell conical, not 
spirally coiled ; tentacles short and compressed ; inferior pallial lobe 
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transformed into a branchia. Genera — AncyhiSy QeoQroy ; no pulmonary 
cavity ; animal dextral or sinistral ; visceral commissure shortened ; shell 
without internal septum ; British (Fig. 176). LaHa^ Gray ; a pulmonary 
cavity ; visceral commissure long ; shell with a posterior internal septum ; 
from New Zealand. (rurki/ac/im, Pfeiffer. Family 11. Physidae, Dall. 
Visceral mass and shell sinistrally coiled ; shell thin, with a narrow 
aperture ; tentacles cylindrical ; no inferior pallial lobe. Genera — 

Physa, Drapamaud ; shell oval, 




Fig. 176. 

Bulinus taMUatvs, ventral aspect. 
br, pallial extrapulmonary gill ; co, 
heart ; o, mouth ; p, foot ; pa, mantle ; 
pns, pneuniostome ; te, tentacle. 



partly covered by the edges of the 
mantle, which are divided into 
angular tags ; British: Aplexa, 
Fleming ; shell with a pointed 
spire ; edges of the mantle not 
divided and very slightly re- 
flected over the shell ; British. 




Pio. 176. 

AncyltLS AuviatUiSy dorsal 
view. To the left, the head 
with the two cephalic ten- 
tacles. (From Lankester, after 
Reeve.) 



Sub-Order 2. Stylommatophora. 

Pulmonata with two pairs of tentacles (except the Janellidae and Vertigo, 
which have only a single pair) ; these tentacles are invaginable, and the 
eyes are borne on the summits of the posterior pair. The male and 
female genital orifices open into a common vestibule except in the 
Ditremata (Vaginulidae and Oncidiidae). A suprapedal gland is present 
in nearly all the groups. With the exception of Oncidium, there is no 
longer a veliger stage in the development ; the embryo is often furnished 
with a contractile pedal vesicle (Fig. 117). 

The Stylommatophora may be divided into four tribes : the Holognatha, 
Agnatha, Elasmognatha, and Ditremata. 



Tribe 1. Holognatha. 

Jaw simple, without a superior appendage. 

Family 1. Selenitidae, Fischer. Radula with elongated and 
pointed teeth, like those of the Agnatha ; a jaw present. Genera — 
Selenites, Fischer ; shell external, depressed, widely umbilicated. Plutonia, 
Stabile ; animal limaciform, with flattened internal shell and a posterior 
pulmonary aperture. Trigonochlamys, Bottger ; no shell. Family 2. 
ZoNiTiDAE, Pilsbry. Shell external, smooth, heliciform or flattened ; 
radula with pointed marginal teeth. Genera — ZoniteSy Montfort ; 
shell depressed, wholly external ; British. Ariophanta, Desmoulins ; 
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mantle produced anteriorly into a cenrical lobe ; foot with a posterior 
dorsal mucous pore. Orpidla^ Gray ; differs from ArwphamXa in 
having a horn-shaped protuberance at the hinder extremity of the foot 
VHrvna^ Draparnaud ; the mantle projects in front and on the right 
side, and partially overlaps the thin and depressed shell ; foot elongated, 
without a posterior mucous pore ; British. HelicarioUj F^russac ; differs 
from Vitrma in having the foot truncated anteriorly, with a posterior 
mucous pore. Family 3. Limacidae, Gray. Shell almost completely 
covered by the mantle, or internal. ParmacelUiy Cuvier ; shell unguiform 
with a spiral summit ; the mantle occupies the centre of the body and 
completely covers the shell except for a very small orifice above the spire. 
Limax, Linnaeus ; shell wholly internal, without a spiral summit ; 
mantle reduced, and situated on the anterior part of the body ; 
pulmonary aperture towards the hind end of the pallial border ; British. 
Urocyclvs, Gray ; shell oval, without a spire, internal except for a small 
median orifice in the hinder part of the mantle ; pulmonary aperture 
in the middle of the pallial border ; African. Parmarion, Fischer. 
AmcUia, Heynemann. AgriolimaXj Morch. Mesolimaac, Pollonera. Mono- 
chromay Simroth. Parcdimax, Bottger. MetalimaXj Simroth. Family 4. 
Philomycidae, Fischer. No shell ; the mantle covers the whole surface 
of the body ; radula with squarish teeth. Genus — Philomyciis, F^russac; 
foot broad ; genital orifice near the right tentacle. Family 5. 
OsTBACOLETHiDAS, Simroth. Shell largely chitinous, not spiral, its 
calcareous summit projecting through a small hole in the mantle which 
elsewhere covers it Grenus — Ostracolethe, SimToth. Family 6. Arionidae, 
Gray. Shell internal or absent ; animal limacifonn ; mantle restricted 
to the anterior and middle part of the body ; radula with squarish 
teeth. Genera — Arion^ F^russac ; respiratory orifice at the anterior end 
of the pallial border ; genital orifice close to the respiratory orifice ; shell 
reduced to simple isolated calcareous granules ; British (Fig. 172, D). 
GeomalcumSj Allmann ; shell internal, oval ; Ireland. AriolimaXy Morch. 
AnadentLSj Morch. Family 7. 
Helicidae, Gray. Shell with /'^^^^^^^^^ 

medium spire, external or par- ^^ \ ,v 

tially covered by the mantle ; / ^^/N v /^ 

Hiandible folded ; radula with I yl^'^r /// 

Square teeth ; genital orifice below J>"''^^^^'^ — ^^----.^.rr^^'^S^,;, 

the right posterior tentacle ; geni- ^:::^;i^^ / \^y^ 

tal apparatus generally provided "y^ — — ^ . ^n[ 

With a dart- sac and multifid ' " 

Vesicles. Genera — KdiXy Lin- Fio. i77. 

tiaeUS ; shell globular, conical or Hdix, nemorcUis, right-side view. I, anus; II, 

rl*»Tiri»fiapd with a. rnnnHpd or px- genital (hennaphrodite) pore; III, anterior ten- 
depressea, Wlin a rounaea or ex- ^acles ; IV, posterior (ocullferous) tentacles ; V, 

panded aperture (Figs. 172, A pneiimostome in its maximum distension. 

BJid 177) ; British. (A large 

:number of sub-genera has been established, which includes more than 
4000 species : Polygyra, Say. Sagda, Beck. Pleurodonta^ Fischer von 
l^aldheim. Helicodonta, F^russac. Helicophanta, Beck. Acavvs, Mont- 
fort. Sitalay Adams. Ghlorites, Beck. Hapalus, Albers, etc.) Bulvniusy 
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Scopoli ; shell ovoid, with oval or elongated aperture and a thickened 
border. Hemphilliaj Binney and Bland ; shell unguiform, its edges 
covered by the mantle ; North America. BerendHa^ Crosse and Fischer. 
Gochlostyla, Ferussac. Rhodea^ Adams. Family 8. Endodontidae, 
Pilsbry. Shell spiral, external, generally^ ornamented with ribs ; borders 
of the aperture thin and not reflected ; radula with square teeth ; genital 
ducts without accessory organa Genera — Endodonta, Albers. Punctum^ 
Morse. Sphyradium, Charpentier. Laoma^ Gray. PyramiduUif Fitzinger. 
Family 9. Orthalicidae, Fischer. Shell external, ovoid, the last whorl 
swollen, the aperture oval, with a simple border ; radular teeth in oblique 
rows. Genus — Orthalicus, Beck ; American. Family 10. Bulimulidak 
Fischer ; jaw formed of folds imbricated externally and meeting at an 
acute angle near the base. Genera — Bulimulus, Leach ; shell elongated, 
oval, external. Peltellay Webb and van Beneden ; shell auriform, in- 
ternal. Amphibulirmbs, Montfort. Family 11. Cylindrellidab, Fischer. 
Shell turriculated, with numerous whorls, the last whorl more or less 
detached. Genus — Gylindrella, Pfeiflfer ; aperture circular, with reflected 
peristome ; summit commonly truncated ; America. Family 1 2. Pupidae, 
Fleming. Shell external, with elongated spire and numerous whorls ; 
aperture generally narrow ; male genital duct without multifid vesicles. 
Genera — Pupa^ Lamarck ; shell cylindrical, dextral with obtuse summit ; 
aperture parallel to the axis, small and contracted ; British. EucaXodium^ 
Crosse and Fischer ; shell turriculated, the summit truncated, the aperture 
oval. Vertigo^ Miiller ; shell small, ovoid, the summit obtuse, the aperture 
small and contracted by numerous teeth ; dextrally or sinistrally coiled ; 
a single pair of tentacles ; British. Buliminus^ Ehrenberg ; shell 
umbilicated, ovoid, with elongated aperture and a simple columella ; 
British. Glmisilia, Draparnaud ; shell turriculated, sinistral ; aperture 
oval ; the columella with corrugations and a movable piece, the 
clausilium, by means of which the mouth of the shell can be closed; 
British. Balea, Prideaux ; shell sinistral, diff'ers from Clausilia in the 
absence of columellar corrugations and clausilium. Zospeum, Bourguignat ; 
no eyes, shell short and dextral. Megaspira, Lea. Strophia, Albers. 
^Tios^oTTia, Fischer. Family 13. Stenogyridae, Fischer. Shell elongated, 
with a more or less obtuse summit ; aperture oval with a simple border. 
G^enera — Achatina, Lamarck ; shell ovoid, the spire conical, the last 
whorl ventricose ; the columella twisted. Stenogyra, Shuttleworth ; shell 
turriculated ; the whorls numerous, increasing slowly (Fig. 8). Ferussada, 
Eisso ; shell small, thin, and brilliant ; aperture elongate, oval ; British. 
Caecilianella, Ferussac ; shell cylindrical, the spire elongated, the columella 
truncated ; eyes absent ; subterranean in habit ; British. Gionella, 
Jeffreys. Azeca, Leach. Opeas, Albers. Rhodea, Adams. Family 14. 
Helicteridae, Fischer. Shell bulimoid, dextral or sinistral ; radular teeth 
narrow at their bases, expanded at their extremities and multicuspidate. 
Genera — Helider, Ferussac. Tornatellina, Beck. 

Tribe 2. Agnatha. 

No jaws ; the radular teeth narrow and pointed ; carnivorous. Thi^3 
group is possibly polyphyletic. 
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Family 1. Oleacinidae, Adams. Shell oval, elongated, with a 
narrow aperture ; neck very long ; labial palps prominent. Genera — 
OUacinay Bolton ( = Glandina) ; aperture truncated anteriorly ; columella 
smooth. Streptostylay Shuttleworth ; columella with a fold ; aperture 
elongate, not truncated anteriorly. Family 2. Testacellidae, Gray. 
Shell globular or auriform, external or partly covered by the mantle. 
Grenera — Streptaxis, Gray; shell external, heliciform, the last whorls 
generally set obliquely to those first formed. Gibbulina, Beck ; shell 
cylindrical, umbilicated. Aerope, Albers ; shell external, globular, with a 
small umbilicus ; radular sac enormous ; from South Africa. Rhytida, 
Albers ; shell depressed, with a very wide umbilicus ; from New Zealand. 
Davdebardia, Hartmann ; shell coiled, only occupying the posterior part 
of the body ; animal limaciform ; the genital orifice situated between the 
right tentacle and the shell (Fig. 172, B). Testacella, Cuvier (Fig. 172, C) ; 
shell small, auriform, situated at the posterior extremity of the limaciform 
body; genital orifice near the right tentacle. ChlamydophoruSj Binney; 
shell plate-shaped and nearly completely covered by the mantle. Schizo- 
glosm, Hedley. Family 3. Rathouisiidae, Heude. Animal naked, 
devoid of a shell, with a carinated mantle covering the whole body ; male 
and female orifices distant ; the female orifice near the anus. Genera — 
Rathouisiay Heude. Atopos, Simroth. 

Tribe 3. Elasmognatha. 

The jaw with a well-developed dorsal appendage. 

Family 1. Succineidae, Chenu. Anterior tentacles much reduced ; 
male and female orifices contiguous but distinct ; shell thin, spiral, with 
a short spire. Genera — Succinea^ Drapamaud ; shell external, oblong, 
with a large aperture ; British. Homalonyx, d'Orbigny ; shell auriform, 
the spire scarcely projecting ; the edges of the shell covered by the 




Fin. 178. 

Aneitea macdonaMi, Gray, left -side view, pa.c, pallial cavity; ps, pneiimostome ; t, 
tentacle. (After MacDonald.) 

mantle ; animal limaciform ; American, nxjalimdx^ Adams ; shell oval, 
wholly internal. Neohyalimax, Simroth. Family 2. Janellidae, Gray. 
Limaciform animals, with an internal rounded shell ; the mantle verv 
Small and triangular ; the pulmonary chamber with tracheae ; no anterior 
tentacles. Genera — Janella, Gray. Aneitella, Cockerell. Aneitea, Gray 
(Fig. 178). TrihoniophoruSy Humbert. All from the Australo-Zelandic 
iregion. 

Tribe 4. Ditremata. 

Male and female genital orifices distant (Fig. 59, 0./, o.m). 

Family 1. Veronicellidae, Gray. Terrestrial, naked, limaciform 
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animals, without a shell; the female orific« on the right in the middle of the 
liody ; the anus posterior. Genus — Fajinuiu, Firuasac (Fig. 179). Family 
2. 0NC1DI1D4E, Philippi. Limaciform naked marine animals, without a 




shell ; female orifice near the aous, at the posterior end of the body ; a 
reduced pulmonary cavity with a distin:^ pneumostoine (Fig. 59, 'gni). 
Genera — •Oncidium, Buchanan ; body elongated and narrow ; penis with 




' apparatus ; from the Indian Ocean. Onculiella, Gray ; body 
oval ; mantle thick, with an emarginated border ; penis without accessory 
apparatus ; British (Fig. 59). Feronia, Blainville ; body oval ; the mantle 
covered with ramified appendages and oculiferous tubercles. 
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CHAPTER IV 

THE SCAPHOPODA 

CLASS III— SCAPHOPODA, Bronn 
( = SOLENOCONCHA, de Lacaze-Duthiers). 

Definition. — Marine bilaterally symmetrical Prorhipidoglosso- 
^orpha; the body and shell elongated along the an tero -posterior 
Hxis and nearly cylindrical. The right and left margins of the 
tiiantle are united ventrally and thus form a complete tube sur- 
tx)unding the body, but with an anterior and a posterior aperture. 
The head is somewhat rudimentary and devoid of eyes, but bears 
two dorsal appendages furnished with numerous long filaments 
(Fig. 183, I). The foot is cylindrical and adapted to digging. A 
radula is present, but there is no ctenidium. The sexes are separate. 

Historical. — These animals were formerly mistaken for tubicolous 
Annelids, and afterwards were classed among the Gastropoda, near 
Fissv/rella. Blainville, in 1819, was the first to rank them as a 
distinct order of Gastropoda under the name " Cirrhobranchia." 
In 1857 de Lacaze-Duthiers, as the result of a careful anatomical 
investigation, created the division Solenoconcha to receive Bentalium, 
making his new division equivalent to Lamellibranchia, and includ- 
ing the two groups, together with the Brachiopoda, in a class 
Acephala. Since de Lacaze-Duthiers' memoir, the Solenoconcha 
have been universally recognised as a division equivalent to the 
Lamellibranchia and Gastropoda, but the name Scaphopoda, proposed 
by Bronn in 1862, has been more generally used for the sake of 
uniformity. More recent investigations, however, have shown that 
the Scaphopoda are more nearly akin to the Gastropoda than to 
the Lamellibranchia. 

I. General Description and External Characters. 

The shell (Figs. 181, D, E and 186) has the form of a very 
elongated cone, slightly curved, the concavity of the curve being 
dorsal : it is capable of containing the entire animal. The larger 
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orifice of the shell and subjacent mantle is morphologically the 
anterior or cephalo-pedal aperture. Near the smaller posterior 
aperture the shell, being older, is also thicker. The anterior 
aperture of the mantJe has a conspicuously thick border. The 
posterior aperture is emarginated by a ventral sinus and is furnished 
interiorly with a dorsal and a ventral valve, which are capable of 
being applied to one another. The animal lives buried obliquely 
in the sand, only the posterior extremity projecting into the water, 
and therefore it is the posterior aperture that is at once inhalant 
and exhalant and serves for the expulsion of the excrements and 
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the genital products. In the extended state of the animal the fo*^* 
and cephalic tentacular filaments project from the anterior openin^^- 

The pallial cavity extends continuously from one aperture •^<* 
the other. In the middle and posterior regions of the body tti^^ 
liver, the gonads, and even the kidneys, extend into the mantle an*''' 
may increase its thickness to such an extent that the pallial cavi*^/ 
is reduced to a rather narrow canal (Siphonopodidae). 

The head is situated at the anterior end of the body on t!fc>s 
eoncave or dorsal side. In shape it is a sort of cylindrio*' 
projection or proboscis, and is contractile but not invaginable. Xn 
the Dentaliidae its anterior aperture is surrounded by eight palps 
or lobes with scalloped margins, but in the Siphonopodidae it " 
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fattened and devoid of palps {Fig. 183, VI). Laterally and pos- 
teriorly it is provided with two pouches, and quite at its posterior 
end, on either side of its dorsal surface, are two broad, symmetrical, 
and flattened tentacular lobes (Fig. 183, IV) which appear to be 
liomologoua with the cephalic lobes of Rhipidoglossa (Fig. 130, II). 
The cephalic filaments or "captacula" (Fig. 181, E) are inserted 
on the margins of these lobes, and when extended, radiate in all 
directions from them (Figa. 182, ca; 183, I). 
Y These captacula are of unequal length, autotomous, and capable 
W of regeneration ; they are ciliated, highly contractile, and their 
r extremities are swollen and club^haped, with a small lateral con- 
cavity in each. These oi^ans are in the first instance tactile, but 
aifio prehensile. The difference in their length is the result of 
their regeneration after being lost. 

The foot has the form of an elongated cylinder, is very 
Extensible, and when forcibly projected beyond the aperture of the 




^hell, serves as a digging organ. In the Dentaliidae it is pointed 
'ia front, but has an oblique wing-shaped fold or pleat on either aide 
of its free extremity : these two folds are contiguous on the ventral 
bat interrupted on the dorsal side. In the Sipbonopodidae the foot 
ends in a retractile disc with papillated margins (Fig. 1 83, VIII), and 
in Pvltdhim there is a filiform tentacle in the middle of the disc. 
The powerful retractor muscles of the foot form two symmetrical 
bundles inserted far back on the dorsal aide of the shell (Fig. 1 8 1 , c) 

II. Anatomy. 

1 1. Alimentary Canai. — The non-invaginable proboscis (Fig. 183, 
V, VI) leads directly into a true buccal cavity situated in the trunk 
St the base of the foot (Fig. 182, /). In the interior of this buccal 
c&vity there is an azygoa dorsal mandible and a ventral radula. The 
i^uhir sac is short, but its muscles and cartilages are powerful 
&Qd form a buccal mass of large size. The radula is short and 
•rcuate, with five teeth in each transverse row, the formula being 
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1.1.1.1.1 (Fig. 2, C). The central tooth is simple and subquad- 
rangular; the laterals stout and subtrigonal, tricuspidate, with 
wide bases and reflected borders ; the marginals have the form of 
subquadraiigular non-denticulate transverse plates. 

The oesophagus is rather short and is provided with two 
large lateral symmetrical pouches, directed ventralwards ; these 

correspond to the oesophageal pouches of thd 
Polyplacophora and Aspidobranchia. 

The stomach is nothing more than th^ 
most posterior bend of the digestive canaT 
(Fig. 182). It presents a small posterio" 
ciliated pyloric caecum, and receives the duct 
of the liver. The last-named organ is situate^^l 
behind the stomach and the rest of the alimei 
tary canal. It is made up of radiating cae( 
(Fig. 182, li)y gathered into two lobes whic^i 
extend into the sides of the mantle, aiM_<l 
open right and left into the so-called stomach 2 
or posterior bend of the alimentary cans^l 
Though the two liver lobes are symmetrical :«.ii 
terior end of body, dorsal the Uentaliiaae, tney are no longer so 'm^h 

In this genus the princip^ 
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buccal pouch ; VI, mouth ; and IS Continued posteriorly into two lor:«.g 
l^U^l' ^"^' *'™''^^ parallel caeca extending to the extremity 4Di 

the body ; the organ has no longer an appard:i3t 
symmetry, but all its radiating caeca are directed to the left si^e 
and open into the " stomach " by a single orifice. 

The intestine bends forward (Fig. 182, in) and forms sevei 
loops, all of which lie in the anterior part of the body, near tJ^e 
buccal mass, and finally opens in the mid-ventral line behind tl^e 
visceral commissure. In the Dentaliidae there is an anal glax^d 
on the right side of the rectum (Fig. 182, a), 

2. Circulatory Apparatus, — The structure of the circulatory syst^'^i 
is exceedingly simple. There are no differentiated vessels, not ev"^^ 
a ventricle with well-developed muscular walls. At the most th^^® 
is a more contractile portion of the blood-system in the neighbovir- 
hood of the anus, but it has no afferent or efferent vessels, and. is 
continuous with the rest of the blood -spaces. These latter st^e 
sinuses, without an endothelial lining, distributed between the orgsms 
in the different parts of the body. The principal sinuses are : 'fclfi 
perianal, the pedal, the visceral, and the pallial. It is in the lo^s^ 
named that the anterior dorsal and ventral portions are more clearfy 
defined and have something of the appearance of vessels. T^o 
buttonhole-shaped orifices, situated near the renal apertures, plac® 
the perianal sinus in communication with the external medium and 



THE SCAPHOPODA 201 

admit of the expulsion of blood during violent contractions of the 
body (Fig. 182, 0). There is no specialised respiratory apparatus. 
Respiration is effected by the internal surface of the mantle, 
particularly by the anterior ventral region. 

3. Excretory Organs, — The Scaphopoda have two symmetrical 
Iddneys, situated in front of the gonad on the ventral side of the 
middle of the body (Figs. 181, q^ and 182, k). They have the form 
of two short but fairly wide sacs with pleated walls, lying between 
the intestinal mass and the stomach. They have no communica- 
tion with one another and have no reno-pericardial duct. They 
open to the exterior on either side of the anus. 

4. Nervous System and Sense Organs. — The nervous system of the 

Scaphopoda comprises the same four pairs of principal nerve ganglia 

as are found in the Gastropoda and Lamellibranchia, in addition to 

the stomato-gastric system. The cerebral ganglia are joined to one 

another and are situated on the dorsal side of the oesophagus : they 

innervate the proboscis with its palps and the tentacular lobes and 

captacula. Each cerebral ganglion is in close juxtaposition to the 

corresponding pleural ganglion (Fig. 182, c.^, pl.g), which innervates 

the mantle. The cerebral and pleural ganglia are united to the 

pedal ganglion of the same side by a long connective which is 

apparently single in the distal part of its course, but bifurcates just 

before it reaches the cerebral and pleural ganglia, sending a branch 

to each. The two pedal ganglia are situated in the foot (Fig. 

182, p,g) and are attached to one another. 

The visceral commissure takes its origin from the pleural ganglia. 
It is rather long, and bears on the posterior part of its course two 
symmetrical visceral centres (Fig. 182, v.g) in the form of simple and 
ill-defined ganglionic swellings, lying on either side of the anus close 
beneath the tegumentary epithelium, and thus resembling the 
visceral ganglia of the Lamellibranchia. These two centres are 
united by a commissure passing in front of the rectum. 

From the cerebral ganglia there arises — as in many other 
Molluscs — ^an infra-oesophageal labial commissure (Fig. 182, la.c\ 
bearing a ganglion on either side, from which a branch of the stomato- 
gastric commissure properly so called (Fig. 182, stg) is given off, as 
is the case in the Polyplacophora, Aspidobranchia, and Cephalopoda. 
The stomato-gastric commissure passes to the ventral side of the 
oesophagus, between it and the buccal bulb, and bears two or four 
symmetrical ganglia on the middle of its course. The labial com- 
missure also gives off a nerve on each side, which passes to the 
subradular organ and terminates below it in a ganglion. 

The Scaphopoda have only three differentiated sensory organs : 
the captacula or tentacular filaments, the subradular organ, and the 
otocysts. The tentacles, which are seemingly tactile and olfactory 
organs, are dorsal in position and have the form of flattened lobes 
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(Fig. 183, IV), on which the numerous filiform appendages or 
captacula are inserted. The extremity of each captaculum is 
swollen and club-shaped with a small lateral pit, and contains a 
terminal ganglion and a system of ganglion cells whose prolongations 
are continued into neuro-epithelial elements situated in the lateral 
pit. The subradular organ is a ciliated ridge on the ventral side 
of the buccal cavity opposite to the mandible. The epithelium of 
this ridge contains nerve end-cells, and beneath it are two small 
nerves derived from the labial commissure, each ending in a small 
ganglion. The otocysts are situated in the foot (Fig. 182) on the 
posterior face of the pedal ganglia. They are innervated from the 
cerebral ganglia and each contains numerous otoconia. 

5. Reproductive Organs, — ^The sexes are always separate. The 
gonad is unpaired and median, and is extremely long, occupying the 
whole of the postero-dorsal region of the body, below the retractor 
muscles (Figs. 181, /and 182, go). It is divided into symmetrical 
transverse lobes, and its anterior extremity is contracted to form 
a duct, which diverges to the right and opens into the right kidney, 
as in the Aspidobranchia. 

III. Embryology. 

The ova are laid singly, and undergo irregular segmentation 
immediately after fertilisation. The ectodermic cells multiply 
much more rapidly than the large endodermic cell or entomere, 
which remains for some time unsegmented (Fig. 184, mu). Finally, 
the entomere segments in its turn, and the endodermic cells derived 
from it are invaginated to form a gastrula with a large blastopore, 
situated at the posterior extremity. The embryo elongates and 
acquires an anterior apical tuft of cilia (Fig. 15,/), behind which at 
first two and afterwards three, or sometimes four, parallel ciliated rings 
are formed. These ciliated rings constitute the locomotory velum, 
and their number diminishes in proportion as the velum, which is 
more or less reflected backwards over the body, becomes more 
prominent (Fig. 185, III). 

The blastopore remains open, and gradually travels along the 
ventral side towards the anterior extremity of the larva. A shallow 
shell-gland is formed on the dorsal side and extends right and left 
over the whole dorsal surface, forming two lateral, parallel, and sym- 
metrical pallial lobes which extend ventrally and finally unite 
together (Fig. 185, II). In this manner the tubular mantle is formed 
round the body. The shell secreted by the mantle is at first cupuli- 
form, but subsequently, like the mantle itself, becomes tubulif orm as 
the result of the fusion of its lateral margins (Fig. 119, B). The 
expanded embryonic shell may still be seen at the initial extremity 
in some specimens of Siphonodentalium, 



THE SCAPHOPODA 



203 



The pedal prominence arises on the ventral surface and grows 
forward ; after the disappearance of the larval velum the foot is used 
for creeping. The cerebral ganglia arise as two deep symmetrical 
ectodermic invaginations in the velar area. The otocysts are formed 
as invaginations of the surface of the foot, and the pedal ganglia 
originate after the otocysts from thickenings of the ectoderm. 
The endodermic cavity gives rise to the stomach and intes- 
tme. The liver is developed in connection with the wall of the 
stomach. The anal opening is not formed till a very late period. 
At the end of five or six days the velum atrophies, the young 
animal ceases to swim and begins to crawl along the sea bottom. 



TM, 




mna 




Fia. 184. 

Embryo of DeTUalium, with six 
micromeres or ectodermic cells 
and a single macromere or endo- 
dermic cell, ma, macromere ; mi^ 
micromere. (After Kowalewsky.) 



Fig. 185. 

Larva of DentaZiumf aged one 
and a half day; ventral aspect. 
I, foot ; II, mantle ; III, velum 
forming a sort of test. (After 
Kowalewsky.) 



IV. Bionomics and Distribution. 

The Scaphopoda are marine burrowing molluscs, and as a rule 
only allow the posterior extremity to project from the sand in 
which they hide themselves. They feed on the lowest organisms, 
Diatomacea, Protozoa, etc. 

There are 150 living and nearly 275 fossil species of Scaphopoda. 
The living forms are distributed throughout all seas from the littoral 
to a depth of 2500 fathoms. The fossil species extend back to the 
Diiddle Silurian, but are most abundant from the Cretaceous onwards. 



V. Eeview of the Families of Scaphopoda. 

There are two different types in this homogeneous group, but the 
differences between them are not of more than family value. 

Family 1. Dentaliidae, Gray. Foot conical with a laterally ex-. 
P^<Jed and dorsally interrupted encircling sheath. Shell tubular, curved, 
^^ll the greatest diameter at the anterior aperture, and tapering evenly to 
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the posterior aperture. Genera — DefnJUdiwm^ Linnaeus ; posterior orifice 
of the shell truncated, entire, without an incision or accessory tub®- 
Antalisy Adams ; posterior orifice with a short incision. FisMentaliufJ^f 
Fischer ; posterior extremity with a long fissure on the ventral side f 
abyssal. Fustiaria, Stoliczka. Schizodentalium, Simroth ; ventral border 

of the posterior aperture with a series of small 
/I/ holes arranged in a straight line. Heterochismaf 
Simroth. 

Pio. 186. Family 2. Siphonopodidae, Simroth. 

a»dwZusgrac«w, Jeffreys, sheu, ^^ot expanded distally into a symmetrical disc, 

left view, o, anterior orifice ; ^th a crenate continuous edge (Fig. 183) or 

Pi posterior onnce. (After Wat* ._ , ._ ..i. iij^ t 

son.) Simple and vermiform without well-aevelopecl 

lateral processes ; shell often contracted towards 
the anterior aperture. Genera — Siphonodentalivm, Sars ; foot ending 
in a median disc without a median appendage. Gadulua, Philippi 
(Fig. 186). Dischides, Jeffreys. Fulsellum, Sars ; terminal disc of the foot 
with a median appendage. Entalina, Monterosato. 
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CHAPTER V 

THE LAMELLIBRANCHIA 

CLASS IV.— THE LAJMELLIBRANCHIA, Blainville 

( = ACEPHALA TESTACEA, Cuvier ; CoNCHEFERA, Lamarck; 
Pelecypoda, Goldfuss ; Lipocephala, Ray Lankester). 

Order 1. Protobranchia. 
Sub-Order 1. Solenomyacea. 



yy 



2. Nuculacea. 



Order 2. Filibranchia. 
Sub-Order 1. Arcacea. 
,, 2. Trigoniacea. 
„ 3. Mytilacea. 
„ 4. Pectinacea. 
„ 5. Dimyacea. 

Order 3. Eolamellibranchia. 

Sub-Order 1. Ostraeacea. 

„ 2. Submytilacea. 

,y 3. Tellinacea. 

,, 4. Veneracea. 

,, 5. Gardiacea. 

„ 6. Chamacea. 

„ 7. Myacea. 

„ 8. Adesmacea. 

„ 9. Anatinacea. 

Order 4. Septibranchia. 
Sub-Order. Poromyacea. 



Definition, — The Lamellibranchia are Molluscs with an internal 
^^d external symmetry. The cephalic region is rudimentary, and 
^^^ mantle, divided into a right and a left lobe, secretes a bivalve 
'hell which covers and encloses the whole body. The cephalic region 
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is only furnished with a pair of l&blal palps on each side. The foot I 
ia ventral, generally adapted to burrowing and without a plantar 
surface. The two pallial lobes are united by one or two transverM 
muscles which close the two valves of the shelL There are two 
lateral and Bymmetrical ctenidial branchiae under the mantle ; their 
distal extremities are directed poateriorly and their filaments may 
exhibit an extreme degree of concrescence, either among tliemselves 
or with the mantle or with the visceral mass. 



. I. General Description and External Characters. 

The mantle consists of two thin tegumentary lobes attachec^t 
to the trunk dorsally, and extending over the sides t« the ventrs*-! 
surface so far that they can be brought together below the foo"t:i 
Thus the whole of the animal's body may bo covered by the mantl^^ 
In structure, the mantle is normally rather thin, and there is onL^ 
some connective tissue and a few muscular fibres between theintem^3«l 
and external layers of epithelium. In some few cases the gonai^S-G 
may extend into the mantle : into both lobes in the Mytilidae, inl=^o 
the right lobe only in the Anomiidae. The internal surface m&. ^ 
present glandular modifications, of which the moat important are tt^fl 
hypobranchial glands characteristic czn^ 
the Protobranehia : they are situated po * 

teriorly beyond the gills. The margic"'^ 
of the mantle normally present redup^^i" 
cations, generally three in nurnb^^"^ 
(Fig. 187, fa', pa", pa'"), and in tt=je 
Fectinidae the most internal of the thr^^a^^ 
is turned inwards to form the "velun^^B" 
J-;ixi' (Fig. 235). The margins of the mand=le 
' of Lamellibranchs are frequently fi^^*r- 

nished with glands, pigment spots, ar'^'^d 
various sensory organs in the form of 

tentacles, and even of eyes. The pi - &- 
mentation of the pallial border is d^ — '^ 
to the combined action of the light ar — "^^ 
the oxygen of the surrounding mediuc:^:^^ 
^ and is most conspicuous at those poiik- ^ 
j where the respiratory fluid entors tK3s 
- pallial cavity. 

The edges of the two pallial lol^^ss 

I may remain free throughout th^^r 

extent; this is the case in Nucu^^, 

the Anomiidae, the Arcidae (Fig, 18 S) 

the Trigoniidae, and the Fectinidae (Fig. 235). In all oth.«r 

Lamellibranchia the pallial lobea are partially united by tl>e 
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concreBcence of the intenml reduplicature of their margiiiB; this 
unioii may be locahsed in one two or even three more or less 
extensive regions Thua there la only one hne of union in the 
Solenomyidae (in which it is long Fig 231) the Aviculidae, the 
Oatraeidae, Enlovalva Saoberetta the MytUidae the Carditidae, the 
Astartidae, the Crassatelhdae the majority of the Lucinidae, 
the Unionidae (Fig 242) and m certain species of Gyrenidae; in 




Jna lodBi, UntUMUs, ventral lupect. a.n,BnMrlOTidductor; a.I, Hnterioi Up 1 a.]i, anUriot 
UUllMlp: ^ byuui; /, root: ^, iDtrmalgill-pUte ; ir". extemsl gill.pUte ; g.a, gill-aiia; ILn, 
pottenoi •ddaotor ; m, mouth ; pa, mautla ; p.!, poeterior Itp ; «, rectum ; r.c, viscsnil oom- 
miHon ; v.s, nscenl gBDgllon. (After Deshsyes.) 

other words, in a very large number of Submytilacea. This single 
line of union is always posterior, and is the prime factor in the 
formation of an aperture opposite to the anus (Fig. 231, a.or) known 
aa the exbalant pallial or "anal" orifice. It serves for the evacua- 
tion of the excrements, of the water which has been used for respira- 
tion, etc., and is, in the manner indicated, entirely cut off from the 
rest of the pallial aperture through which the respiratory and food- 
bearing currents of water find an entrance, and through which the 
foot is thrust out. Lamellibranchs with this disposition of the pallial 
border have received the name of "Blfora." It should be noted that 
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in many Unionidae the anal orifice is itself divided into two, the more 
anterior aperture being dorsal and the more posterior — considered 
topographically — being the anal opening proper. In addition to the 
first fusion, there is a second in the Ledidae among the Protobranchia, 
in the Dreissensiidae and the Mutelidae among the Submytilacea, and 
in all other Eulamellibranchia and the Septibranchia (Fig. 249). In 
Castalia, a member of the Mutelidae, it has been observed that the 
second fusion may be present or absent in different individuals. 
This second fusion of the pallial borders is always pretty close to the 
first (Fig. 241), and forms the boundary of an orifice almost in juxta- 
position to the anal aperture, leaving in front a third orifice 
(Fig. 241, o.p) : hence the name " Trifora " given to Lamellibranchia^ 
which exhibit this arrangement. The second orifice is called th 

r^\ — lunule 




Fig. 189. 
Left valve of Meretrix, from the inner face. (From Lankester, after Owen.) 

branchial or inhalant, and the third the pedal orifice. The last-nam-— ©d 
is generally very large (Figs. 194, 221, o.p, etc.), but its extent is 

always in inverse ratio to the extent of the second fusion and ^^ 

direct ratio to the size of the foot protruded through it (Figs. 21 ^> 

246). In the genus Kelly a, however, it is not the third or anteri ^^ 

aperture that serves for the passage of the foot, but the second '^^ 
ventral aperture (Fig. 187, o"). Finally, when the second fusic::^^ 
extends for a long distance, that is to say, when the foot is ve^^T 
anterior, rudimentary, or cylindrical, a fourth pallial aperture m^^y 
be formed between the pedal and branchial apertures, and therefo^ ^^ 
within the region of the second fusion. This disposition may be se^^ 
in some Solenidae, in Lutraria and Glycimeris, and in sundry Ana^'*^- 
nacea, such as Myochama, Chamostram, Thracia, Fholadomyd, and Asp^^- 
gillum, which are sometimes called, on this account, "Quadriforst-'' 
This fourth orifice probably arises as a subdivision of the ped^^ 
orifice ; it is placed far forward in Solen, and is both inhalant and 
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exhalant in this genus ; but is posterior and only exhalant in Latrana^ 
Thracia, etc. 

Frequently the two posterior pallial orifices, anal and branchial, 
or at least the anal, as in some Lucinidae, are more or less pro- 
longed in the form of muscular tubes which may be extended for a 
greater or less distance beyond the shell (Fig. 190) ; this feature is 
found in the majority of burrowing and boring Lamellibrancbs. 
These tubes are known as siphons, and may be either — (1) inde- 
pendent of one another throughout their length, as, for example, in 
the Tellinidae (Figs. 190, b-.Sy a.s; 245, g, /), Donacidae, Thracia, 
etc. ; or (2) partially fused together, as may be seen in Tapes^ 
Soletiocurtus (Fig. 194), Saxicava (Fig. 246); or (3) completely 
united to one another, as in Mactra, Dosinia, Mya. Lutraria, Pholas, 
Teredo (Fig. 195), etc. The branchial siphon is usually the longer 
of the two, and in Savbicularia is more tlian four times as long as 
the body. Sometimes the siphons may attain to a still greater 




Fio. 190. 

Tdlina planata, left-side view, a.*, anal siphon ; br.s^ branchial siphon ; /, foot ; pa. 
tentaculiferous border of the mantle ; sh, shell. (After Poll.) 

degree of development, and may form an important part of the 
body-mass, or even surpass it in size. The extreme limit of evolu- 
tion in this direction is exhibited by Teredo^ in which these organs, 
while receiving the same nerve supply as in other Lamellibranchia, 
constitute the greater part of the mass of the animal; the anal 
siphon extends right forward and the branchial siphon contains the 
gills, as is also the case in Soleiwcurtus, Fistulana, Saxicava, etc. 

There are two opposite currents in the pallial cavity. The first 
is postero-anterior in direction, and is set up by the action of the 
cilia clothing the surface of the branchiae ; the second runs in the 
reverse direction on the ventral side near the edges of the mantle, 
and wards off foreign substances from the pallial cavity {Mytilus, 
Cdrdium, etc.). In Pinna and Solen this second current is created 
by a large longitudinal ciliated ridge on each side. 

The two lobes of the mantle are furnished with several distinct 
pallial muscles which are inserted on the shell and are divisible into 
the following distinct groups : — (1) The orbicular muscle, extending 
right round the periphery of each lobe, and serving to attach it to 

14 
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the shell and as a retractor of ths pallial border. (2) At the 
posterior end a specialised part of the orbictJar muscle originates 
from and serves as the retractor of the siphons (Fig. 191, ■m.s) ; its 
development is proportional to that of the siphons, and it interrupta 
the evenly ciirved line formed by the orbicular muscle. The 



Rigbt-alde view of a UaOra, the ilgbt nive 
of the Bbell uid right mHatle-tlsp removed, and 
the Biphons relrmted. fcr, br', outer and inner 
^U'platea ; c, iimbo of the shell ; m.a, fmterloT 
adductor muscle ; m.p, poeterLor adductor 




i"; )i, 'itml; I, 



fliphon. (From Iad- 



muscles leave an " impression " on the inner surface of each valv< 
of the shell, and the impression of the orbicular muscle or " pallia 
impression" (Fig. 189) is indented by a "sinus" formed by tli( 
siphonal muscles. This " sinus " is scarcely ever absent in siphona-te 
forms except in the Lucinidae and in Cuspidaria, in which tlie 
siphons are not retractile, and in the latter genus are protected by 
prolongations of the posterior part of the shell. (3) The adductor 
muscles of the shell are transverse pallial muscles uniting the t^o 
lobes of the mantle and the two shell-valves secreted by thsTii. 
There are at the most two adductors ; the anterior is dorsal and in 




ijrartan stigs of O. rliiiad™ 
ibral ganElloD ; /. foot ; a, ^" ■ '" 
aiphagus ; ji.a, posterior ai 
>-.;, right-livec lob- ■ -' ■ 



front of the buccal aperture (Figs. 188, a.a; 191, m.a), but extends 
considerably towards the ventral side in Modiolaria and CAonw. 
The anterior adductor muscle is the first to appear in development 
(Nucula, MytU'us, Modiolaiia, Peden, Ostraea (Fig. 192, A), Dreissen^ 
(Fig. 224, a.u), Unionidae (Fig. 227, i), Ptsidium, Montacuta, Lmf^ 
EntoviUva, Chrdium, Psevdokdlyn, etc.), but diminishes in importance 



THE LAMELLIBRANCHIA 



211 



in adult Mytilidae, and disappears altogether in Alytilus latus (Fig. 
193, E) and 31. rtieridumalis. It is very small or more usually absent 
in the Anomiidae, the Pectinacea, and the Ostraeacea, much reduced 
in TeredOy and absent in the adults of Philohrya, Mvlleria, and 
Tridacna. 

The posterior adductor muscle is ventral and anteidor to the 
anus (Figs. 188, h.a -, 192, C, p.a). When the anterior adductor is 
diminished in size or disappears in the adult, the posterior adductor 
necessarily becomes more central in order that its mechanical 
eflficiency may be increased. This may be seen in the forms known 
as Monomyaria, and is accompanied by a shortening of the antero- 




Fio. 193. 

Right valve of six various Lainellibranchs, showing the- various stages of the morphological 
development of the adductor muscles. A, Pevtuneulus ; B, Myrina ; C\ Modidaria ; D, 
Modi6Ui\ Ef Mytilus lotus; F, Pecten. «, anterior adductor; a.r, anterior foot retractor; b, 
shell beak; K, ligament; /?, posterior adductor; p. i, pallial impression ; p.r, p./, posterior 
retractors of foot and byssus ; t, hinge-tooth. 

posterior axis and a proportional increase of the dorso- ventral axis 
of the body, a phenomenon particularly well marked in the- 
Tridacnidae. It should be observed that the species with a single 
adductor muscle belong to very various groups and are generally 
sessile forms : the Monomyaria, therefore, are polyphyletic and 
do not constitute a natural group. A single family may contain 
examples of Isomyaria, Anisomyaria, and Monomyaria (Fig. 193, 
C, D, E), and all, in the course of their development, pass through 
three different stages with regard to the arrangement of the adductor 
muscles. In the first stage, called the protomonomyarian stage, the 
anterior adductor, being the first to be formed, is alone present. 
In the second stage the two adductors coexist ; this is the dimyarian 



THE LAMELLIBRANCHIA 



stage (Fig. 192, B). In the third or deutomonomyarian stage, the 
anterior adductor has diBappeared (Fig. 193, C). 

The two adductors, by their contraction, bring together the 
valves and close the shell. They are diminished in size when tbe 
valves lose tlieir mobilitv, as, for example, in Gateomma, Ephi^odonla, 
and Seioberetia, and they actually disappear in AspergiUum and 
Cklamgdoamcha. llieae muscles are generally perpendicular to the 
surfaces of the valves, but in some Lamellibranchia that are fixed 
by one side, they may be very oblique, e.g. Anomia, Peden, the 
Rudistae. The fibres of the adductors 
are attached to epithelial cells of the 
mantle which produce the hypostracum 
or substance of the muscular impres- 
sions. In many cases the fibres of 
each adductor may be divided into 
two distinct parts of different appea^ 
'^ ance (Peclen, Ostraea, etc.), of wliich 
the principal part in the monomyarian 
Lamellibranchs is formed of apparently 
striated fibres (see p. 5), this appB^ 
ent striation being particularly well 
defined in the muscles of the swim- 
ming Lamellibrancha, Pectinidae, and 
Limidae, which are capable of very 
rapid contraction. The absolute force 
exerted by the adductor muscles is 
analogous to that of vertebrate 
muscles : in some cases they can reaiEt 
the traction of a weight equal to 
several thousand times the weight of 
the animal deprived of its shell. 

In the siphonate Lamellibranchia 
the pallial fusions separating the 
branchial and pedal orifices are often 
furnished with crossed muscular 
bundles, called cruciform muscles, 
passing from the edge of one valve 
to that of the other, and thus forming 
accessory adductor strands : these may 
be seen in TeUina, St/ndosmya, and 
SoiKvxurtwsuigUiatm, veiitrai M- j)onax among the TelUnaoea, and in 

pfTt. n.», aiuil siphon; In-.f, braocliloL o > 

siphon;/, f(wt;«tti, eracifonn piUlBl SoUnOCuHuS (B^g, 194, TOM). In speCies 

ai™y7iA,^leii'."'(AfterPMLi ^ " Called " closcd," in which the mantle 
fusions are very extensive, these muscles 
are continuous along the whole ventral border of the valves, between 
the pedal and branchial oiifices (Saxicava, Fig. 246, j>a). 
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The shell of Lamellibranchs is formed of two valves, each 

corresponding to a lobe of the mantle. The internal layer of the 

shell is secreted by the whole external surface of the mantle, but 

the external layer is secreted only by the thickened mantle edges. 

The internal layer is often nacreous, and may exhibit pathological 

products called "pearls," which are formed by the secretion of 

nacreous substance by the mantle round foreign bodies. These 

are generally of parasitic origin : the scolex of a Cestode forms the 

nucleus of a pearl in the genus Meleagrina of Ceylon and the Gambier 

islands ; the larvae of Trematodes form similar nuclei in various 

European Lamellibranchs. 

Though they are primitively symmetrical and commonly remain 

so, the valves become very asymmetrical in some species of Area, 

in the Anomiidae, Pecten, Ostraea, Corbvla, ChamUy Pandora, Myochama, 

the Eudistae (Fig. 244), etc. In certain somewhat modified forms 

in which the foot, though more or less large, is feebly retractile, 

the valves do not meet and fit perfectly together along the ventral 

edge and are " gaping," as may be seen in the Pholadidae, Gastro- 

chaenidae, etc. But with the exception of Chlamydoconcha and 

Sdoberetia, in which the shell is internal, the valves fit together 

perfectly along the dorsal border, and are articulated with one 

another by a system of teeth and sockets which collectively form 

the hinge (Fig. 189), and only tend to be atrophied in forms whose 

valves have little mobility, especially in boring species. The valves 

are additionally united (except in the Pholadidae and Teredinidae, 

hence named Adesmacea, and a few other forms) by a ligament of 

a chitinous nature. This ligament is primitively continuous with 

the shell, and is, in fact, the uncalcified portion of the pallial cuticle, 

that is to say, of the originally single shell. The ligament finally 

becomes external (Fig. 189) or internal; in the latter case it is a 

"resilium." Its action is antagonistic to the adductor muscles, and 

consequently it causes the valves of the shell to gape. 

In the youngest stages of the Protobranchia, Filibranchia, and 
various Eulamellibranchia, a series of little transverse denticulations, 
constituting a primitive hinge or provinculum (Bernard), is developed 
on each side of the ligament, or at any rate behind it in forms 
devoid of an anterior adductor muscle. The permanent hinge teeth 
are only formed at a later period, by the growth of distinct laminae 
on the surface of the hinge. Thus, in the typical Eulamellibranchia, 
the first lamellae originate at the extremities of the hinge surface, 
helow the provinculum, and grow towards the centre of the hinge 
area; the internal ends of the anterior lamellae become hook- 
shaped, and their hooks become separated from their external ends ; 
^ie latter form the anterior lateral teeth, while the hooks become 
the cardinal teeth, and the posterior lamellae give rise to the 
posterior lateral teeth. 
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Sundry methods have been proposed for representing the hinges 
of Lamellibranchs b; foimulae. The most logical is that of Munier- 
Chalmas and Bernard, which takes the origin of each element into 
account. In this system the primitive lamellae &re indicated by 
Koman numerals, even numbers being used for the left valve, odd 
numbers for the right valve, preceded by the letter A if they are 
anterior to the ligament, by the letter P if they are posterior to It 
Each definitive tooth is indicated by an Arabic numeral corresponding 
to the numljer of the primitive lamella from which it is derived 
(A2 in the case of All, etc.), and is preceded by the letter C if it 
IB a cardinal, or L if it ia a lateral tooth, and is further followed by 
the letters /!, h, etc., if it corresponds to the first, second, or other 
segment formed by the folds of the lamella. Thus CA2i stands 
for the left cardinal tooth originating from the posterior segment of 
the anterior lamella II. 

In some exceptional cases the two valves of the shell are fused 




r.f, biBnohiil siptgn ; to. ea«bt»l giuglion : u, g 
ddnctor; u.s, psdal ganBUon; r.o, rmal opsning; 
sugltoii. (X<aa^ Bftsr Gmhlmn and Bxuck,) 
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together dorsally ; such shells are called sympbinote, and examples | 
may be found in the adults of some species of Pinna, Unio, j4ttodoi^ 
and Htfiia. But even when the borders of the mantle are almoBt 
completely fused together on the ventral side, the two vaives are 
never fused ventrally to form a single tube like the shell of the 
Scaphopoda. Nevertheless, when the shell gapes and the mantle 
borders are largely fused together and provided with long conjoiat 
siphons, the portions of the mantle that project beyond the valves 
may secrete a long calcareous tube (Teredo, Fisltdana), which may 
be fused to the shell, as in AspergUlwm, or the two valves themselves 
may be fused together dorsally as in the four genera mentioned 
above. In some other siphonate Lamellibranchs with gaping shelli 
the portions of the mantle that project from the shell may secrete 
accessory protective sclerites, which may be independent of the 
valves, as, e.g., the dorsal aclerit«s of Pkolas and the sclerites of 
certain species of Thracia, or may be united to the shell as is the 
siphona! tube of Phdadidea. In Teredo two movable calcareous 
plates, actuated by special muscles, are formed symmetrically right 
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and left of the free extremity of the siphonal maes. These " pallets," 
as they are called (Fig. 247, II), probably serve to protect the free 
extremities of the siphons. 

The valves generally bear on their internal surfaces distinct 
impreBsiona of the insertions of the pallial, orbicular, siphonal 
adductor and retractor muscles of the foot^ and therefore it is 
possible to infer something of the oi'ganisation of the animal in the 
case of fossil species. In general, the anterior side of the shell of 
the Lamellibranchia is the shorter, and the " umbones " or summits 
of the two valves are directed anteriorly, but in some forms, called 
for this reason " opisthogyrous," the posterior side is the shorter : 
such are Nik^, Donax, MotUacuta, Enlovalva, and Cyrtodaria. 

The larval portion of the shell, or " prodissoconch," like that of 
the Gastropoda, is often distinct from the following portion, and 
may even be separated from it by a crest 
or ridge {Fig. 196, p): this feature is 
especially well marked in incubatory 
forms with large embryos. Also, in the 
same manner as has been described for 
Gastropods, the external duplicature of 
the mantle border may be reflected over 
the outer surface of, and cover a more ( 
or less considerable extent of, the shell 
in the Graleommidae and in the endo- 
parasite Enlovalva ( = Synapticda). By an 
exaggeration of this process the mantle 
may even come to form a closed sac 
around each valve, a feature which may 
be seen in the three genera Ephippodonta, < 
ChhrnydoGOTKha, and Sdobereiia, and also 
in a species commensal with a Synapta in the Philippines (Semper). 

As in the other classes of the Mollusca, the foot is a muscular 
projection from the ventral surface ; its size and form are very 
variable, according to the habit of life adopted by the animal. 
The mass of the foot is frequently invaded by a portion of the 
viscera, at least by a part of the digestive canal, the liver, and the 
gonads, the last-named being superflcial. In species in which the 
foot is very mobile, its two lateral faces are united by transverse 
muscular bundles. 

In its most primitive form the foot is a cylinder, more or less 
flattened from side to side, and terminated by a ventral plantar 
surface (Protobranchia, Figs. 230, 231 ; Peclvnculus, Modidarca, Fig. 
241). But more usually the foot is still further flattened, and 
terminates below in a more or less elongated keel, which may end 
in two points, an anterior and a posterior as in Trigwiia, or in a 
single pointy which is always anterior. This latter arrangement is 
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the most common, and is found, for example, in the Unionidae 
(Fig. 242), Tellim. (Fig. 190, /), and Cardiwm (Fig. 243). The 
anterior pointed end may be so much elongated, for example, in 
Poromya, as to give the foot the appearance of a cylindrical tentacle, 
sometimes slightly swollen at its free extremity (many Lucinidae, 
Fig. 238, III), or of a long cylinder directed forward and sometimes 
ending in a swelling of constant shape (Solen, Mycetopus), In some 
cases the foot may secondarily acquire an enlarged free extremity 
with a creeping surface, e,g, in Gakomma, Lepton, and certain species 
of Erycina, In Spondylus it ends in a pedunculated globular 
appendage. Some Anatinacea, such as Fholadomya and Halicardiay 
have an accessory foot-like organ, the so-called opisthopodium, on 
the posterior extremity of the visceral mass. In MytUus, also, a 
distinct posterior carinated projection may be seen behind the 
extensible pedal cylinder; this has been called the "Punch's 
hump." There is, on the other hand, an anterior and dorsal 
tongue-shaped projection on the foot of Tapes decussatris. 

Finally, the foot may become rudimentary through disuse in 
genera with restricted or no locomotory powers. This is especially 
the case in boring Lamellibranchs with extensive fusion of the 
mantle edges, such as Fholas and Teredo (Fig. 247, VI), and in such 
forms as are fixed by a byssus or by the substance of the shell, 
such as Fecten (Fig. 235,/), Ostraea^ Aethei'ia, etc. 

The foot, then, is the locomotory organ, as it is in other 
MoUusca. Its special function is to grope in the shifting soil and 
to slowly drag along the animal by its successive contractions and 
extensions, its anterior extremity being supported or fixed. These 
movements of the foot are due to turgescence, produced by the 
afflux of blood into the pedal sinuses, and its subsequent contrac- 
tion by means of the retractor muscles. 

The foot is never provided with an aquiferous pore through 
which, as was for a long time believed, water can penetrate into 
the circulatory system. But it very frequently presents a more or 
less posterior orifice in the middle line corresponding to the ventral 
pedal pore of Gastropoda (Fig. 144, I) and leading into a cavity 
known as the byssogenous cavity (Fig. 197, I), into which certain 
unicellular glands situated in the foot discharge their secretion. 
This secretion, passing between the epithelial cells of the byssogenous 
cavity, hardens on contact with the water and forms threads of 
conchiolin, which unite to form the trunk of the byssus (Fig. 197, 
IV). This structure serves to attach the animal, but the fixation is 
not necessarily permanent ; the old byssus may be abandoned and 
a new one formed {Area, Mytilm, Avicula, Dreissensia, etc.). The 
byssogenous organ is poorly developed in the Protobranchia, in 
which group the byssogenous cavity is situated far back (Fig. 204, 
VIII), and a functional byssus is absent. When it attains to its 
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maximum of specialisation tbe byssogenous cavity preaente a number 
of infernal folds or platee (Fig. 197) which increase the secreting 
surface; the trunk of the byssua is thick (Fig. 199, IV), is formed 
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more or less deep in the mass of the foot, and becomes engaged in 
a semi-cylindrical groove hollowed out along the ventral keel of the 
foot in front of the orifice of the byasogenous cavity (Fig. 236, h.^'). 
The walla of this groove contain a considerable number of large 
unicellular mucous glands. The byssus is particularly well 
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developed in jinomia. Area (Figs. 188, 199), Mytilm, Pinna, Aiicula 
(Fig, 236), Pecten, varioua Myacea {Saxicava, etc.), Anatinacea 
(ijwnaia), Cardiacea (Tridacna), Dreissensia, etc. In the genus 
Anomia the byssus is of peculiar form, being partly calcified and of a 
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stony consistence, whence it is called the " ossiculum " ; it projects 
on the right side through a hole in the flattened valve of that side. 

In Modiolarca the byssogenous cavity is preceded by a second 
glandular cavity (Fig. 241, gl.p), but the latter takes no part in the 
secretion of the byssus. In some cases the whole of the byssogen- 
ous cavity degenerates in the adult, as may be seen in certain 
species of Unio, or it is closed as in Cyclas, in which genus it and 
the byssus are highly developed during embryonic life. In the 
endoparasite Entovalva the byssogenous apparatus appears to be 
modified to form a so-called "organ of adhesion" (Fig. 240, f.gl). 

The foot, with the viscera contained in it, is attached to the shell 
by retractor muscles, of which there are normally four pairs. Two 
pairs, the retractors and protractors, are anterior and situated near 
the anterior adductor muscle ; one pair, the elevators, is median ; and 
one pair of retractors is posterior and close to the posterior adductor 
muscle. These various muscles are inserted symmetrically near the 
dorsal border of the valves and between the two adductors. In the 
more primitive Lamellibranchs these muscles are greatly extended in 
a longitudinal direction (Fig. 23 !,/.«), and in certain Protobranchia 
they may form an almost continuous series ; but otherwise it is only 
the four retractors at the extremities of the foot that are well 
developed, the remainder being rudimentary or atrophied (Fig. 202, 
a.f,r, p.fs). In general, the so-called Monomyaria, or forms with a 
single and that the posterior adductor, have only retained the 
posterior retractors of the foot, and these muscles only exist on one 
side in various forms that are fixed by one valve : thus in Fecten 
only the left retractor is present, and even this is aborted in F. 
magellanicus. When the foot becomes reduced as an organ of 
locomotion, and, in compensation, the byssogenous apparatus assumes 
a large size, the retractor muscles, especially the posterior pair, take 
their origin from the latter structure, and thus become the retractor 
muscles of the byssus. 

11. Anatomy. 

1. The Alimentary Canal, — The mouth is situated at the anterior 
end of the body, dorsal of the base of the foot (Fig. 188, m). In 
Solenomya (Fig. 231, m) it lies behind the anterior adductor muscle, 
but it is on the ventral side of this muscle in all other Lamellibranchia 
with two adductors. Except in Anomia, in which it is asymmetrical, 
it is a symmetrical transverse aperture compressed between two lips, 
of which one is dorsal and anterior, the other is ventral and posterior. 
These lips have simple borders as a rule, but in the Pectinidae they 
are scolloped and even ramified (Fig. 235, I) ; they are generally 
continued on either side into two lobate prolongations, called the 
labial palps, of which the external is the prolongation of the anterior 
lip. In the genus Area (Fig. 188) the lips pass insensibly into the 
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palps, but usually the palps become suddenly much broader than 
the lips. The palps are formed from part of the velar area of the 
larva ami assume various forma, but are most commonly triangular 
Their inner surfaces are transversely folded and ciliated in such a 
manner as to conduct all particles coming within their reach into 
the buccal orifice. They are poorly developed or absent in various 
Lucinidae, such as Asinus (Fig. 338) and Ctyrhis, and in lAnwpsis and 
some species of Cuspidaria. On the other hand, they are very large 
in the Tellinidae, surpassing the gills in size in this family, and the 
anterior pair is very large in Poromi/a (Fig. 249, a.p). In the 




Ad adult Bpwimen of YoUUa Hmal-ula, aa It Kppesm while feeding— pirtlally ItniMigei In 
(After Draw.) 

Nuculidae and Ledidae the posterior angles of each pair of palps 
are produced to form a common tentaculiform appendage bearing a 
groove along the whole of its ventral surface ; these appendages can 
be thrust out beyond the shell and assist in obtaining food (Fig. 
200, p.ap). In Solenomya the two palps are rudimentary, but the 
tentacular prolongation persists in the form common to the other 
Protobranehia, with its ventral groove forming a continuation of the 
interlabial space (Fig, 231, f.l.). 

In the family Nuculidae among the Protobranehia there is still 
an anterior dilatation of the alimentary canal representing the buccal 
cavity and provided with two lateral and symmetrical glandular 
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pouches ; but in all other Lamellibranchia the mouth leads directly 
into the stomach through a short oesophagus (Fig. 201, oe)^ which 
is rarely muscular (Foromya) and is sometimes nearly aborted. The 
stomach is a large and generally laterally compressed ovoid or 
piriform sac, more or less deeply buried in the viscero-pedal mass 
(Figs. 207, sl\ 231 and 234, d\ Its walls are thin and not muscular 
except in some carnivorous forms such as the Septibranchia. 
The stomachal epithelium is lined with a thick but caducous cuti- 
cular coat, visible even in the larval stage {Ostraea, Fig. 192, A) : 
this cuticle serves to protect the secretory cells of the stomach. 

The stomach is very commonly provided with a pyloric caecum, 
lined by a richly ciliated columnar epithelium. The caecum may be 
long, especially in DonaXj Mcictra, Soleriy FholaSy and Teredo^ and 
sometimes extends into the ventral part of the foot, or into the 
mantle, penetrating into the right lobe in Anomia, the left lobe in 
Mytilus latus. It is, however, short in some forms, e.g. in Trigonia, 
It corresponds to the caecum of the crystalline style in certain 
Gastropoda {Pteroceras, Fig. 75), and like it contain^ a cylindrical 
product, the crystalline style (Fig. 201, c?'.s), which is more or less 
continuous with the cuticular lining of the stomach. In the 
following forms the caecum is fused with the initial part of the 
intestine, and communicates with it by a narrow longitudinal slit : 
Area, Mytilus edtUis, Ostraea, Pederty the Lucinidae (MontactUa), the 
Tellinidae and Psammobiidae, Cardium, the Unionidae, Mya, 
SolenocurtuSy and the Septibranchia. The extremity of the crystalline 
style projects into the stomach and is gradually eroded by the 
action of the digestive secretions ; the product of its solution forms 
a sort of cement which encrusts any hard substances that may have 
been ingested and thus protects the delicate walls of the intestine 
from injury. Sometimes the stomach is furnished with a second 
ventral caecum, which may be anterior, as in Mytilus, or posterior, as 
in the Pholadidae and Teredinidae (Fig. 195). 

The liver consists of a pair of voluminous, more or less sym- 
metrical acinous glands which occupy the whole space surrounding 
the stomach, and may extend into the foot (Figs. 207, 222, h^). 
Posteriorly and dorsally the liver is generally covered over by the 
gonads. In the adult Nuculidae and Ledidae the left lobe is the 
larger, and the coils of the intestine are situated on the right side. 
It should be noted that, in developmental stages, the left liver lobe 
of Lamellibranchia, like that of the Gastropoda, is larger than the 
right (Fig. 192, 1,1, r,l). The hepatic orifices leading into the 
alimentary canal are often multiple, even in some Protobranchia, 
but in development and in many adult forms {Solenomya, Adacnarca, 
Modiolaria, various Erycinidae, Pseudokellya, etc.) there are only two 
more or less symmetrical orifices. As a result of specialisation 
these larval apertures may multiply, and various numbers are found 
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in adult forma, viz. three in certain Nuculidae, in Vluima, and 
Spondi/lus ; four in Area ; five in Feetunctdwi, Philobrya, and Pecien ; 
and as many as twelve in Mytilus. The lumen of the hepatic 
gknds may be of considerable size, and form part of the digestive 
and absorptive cavity. In certain Lucinidae (Morttcu:ula, Aiiniis, 
Fig. 238) the hepatic glands, together with the overlying gonads, 
project into the pallial cavity in the form of arborescent tufts. 

The intestine almost always arises from the ventral side of the 
stomach, and is sometimes provided with a valve at its origin 
(Pimia). It is short and rectilinear or scarcely coiled in Solenojni/a, 
in sundry Filibranchia such as Area, Pedttitailvs, Limopsis, PhUobrija 
(Fig. 234), ATumUa, and in the Septibranchia (Fig. 251, in); but 
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more usually, as the Lammellihraiichs are nearly all herbivorous, it 
describes a certain number of convolutions In the viscero-pedal mass 
(Fig. 242, al). These may vary from one to a dozen in number, 
and sometimes they are confined to one side of the body ; in the 
Nuculidae and Ledidae, for example, they are on the right side. 
The intestine is ciliated throughout its whole length, and its rectal 
portion is generally provided witli an internal longitudinal ridge. 
In Nuadii (Fig. 204, XIV), Area, and Anoniia the rectum passes 
ventrad of the ventricle of the heart, as it does in Amphiiieura ; 
but it traverses the ventricle, in rhipidoglossate fashion, in the 
majority of Lammellibranchia. But in Malletia, Avicuta, most 
species of Odraea, Mvlleria, and Teredo (Fig. 195) it is dorsad 
of the heart. Finally, the rectum always passes over the dorsal 
aide of the posterior adductor muscle, and cuds behind it in 
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the middle line, except in a few fixed (ormB, such as Pecten (in 
which the anus is to the left of the middle line, Fig. 234, a), Oslraea, 
etc. In some species of Pecten, and Lima the rectum is recurrent, 
and nearly completely surrounds the posterior adductor muscle. 
In some special cases, viz. in various Aviculidae, and especially in 
Pinna, the free extremity of the rectum bears an erectile appendage. 
2. Circulatory Jpparuluis. — The vascular system of Lamelli- 
branchs, like that of all other Molluscs, is completely closed, and 
water cannot possibly enter into the circulation. The system is 
composed of more or less dilated and spacious, but none the less 
true vessels, and of sinuses witli connective tissue walls, but without 
an endothelium. Not only is the vascular system completely cut 
off from the surrounding medium, but it is also cut off from the 
pericardial cavity, as may clearly be seen in red-blooded forms, 
whose pericardial fluid is colourless and, like that of other Lamelli- 
branchs, totally devoid of blood corpuscles. 

The blood always forms an important part of the mass of the 
body, often constituting a half of its weight. It contains nucleated 
amoeboid corpuscles (amoebocytes), and 
in some cases, particularly in arenicol' 
ous or limicolous species, non-amoeboid 
corpuscles containing haemoglobin. 
Such is the case in various species of 
^rca (A. trapezia, A.pexata, A. telragmia, 
etc } in Pectunculns viclacescens, Tellina 
plaiala (and around the nerve-centres 
in 7 fabttla), Poromya granidaia, and 
some Solentdae such as Ceralisolen 
legimen While red in these latter 
forma the blood in certain Veneridae, 
Cardiidae, Dreissensiidae, etc., is of a 
bluish tint owing to the presence of 
haemocyanin. In addition to its normal 
function, the blood piays an important 
part in causing turgescence of tegumen- 
tary expansions, the mantle and siphons 
i and the foot. 

\ As in all other Mollusca, the central 

: organ of the circulation is on the <^orsal 
■ side (Fig. 202, ve), near the hinge of 
': the shell, and is contained in a peri- 
'. cardium. In adult Anomiidae, how- 
ever, it projects freely into the pallial 
cavity, behind the adductor muscle. 
The heart always consists of a median ventricle and two generally 
symmetrical auricles : it is only in such forms as Anomin that the 
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auricles are altogether asymmetrical. The ventricle lies com- 
pletely free in the pericardial cavity ; it is, however, fused to the 
dorsal wall of the pericardium throughout its length in Fliodon^ 
and for a part of its length in Pandora, The walls of the 
ventricle are .always very muscular, and contain free and inter- 
l^used bundles or muscle fibres. The situation of the ventricle 
varies very much, even in tolerably closely related species : it 
is dorsad of the rectum in Nucula (Fig. 204), the Anomiidae, 
and Area) traversed by the rectum in the great majority of 
Xamellibranchia (Fig. 231, 1;); and finally ventrad of the rectum 
in Malletia, Ostraea (except 0. cochlear)^ MuUeria, and Teredo 
(Fig. 195). The ventral position of the ventricle, in species 
remotely allied to one another, is a phenomenon of convergence 
due to the shifting of the base of the gill away from the primitive 
position of the heart. It should be observed that the transi- 
tion to the ventral position is to be seen in Pinna, P&i'na, and 
Amula : in the first-named the ventricle still forms a very slender 
ring above the intestine, but in the two last genera it is simply 
attached for its whole length to the ventral side of the intestine. 
In Nucida and Area the ventricle appears to be formed of two 
symmetrical halves : it is really elongated transversely, and con- 
tracted in the middle of its length. In adult Lamellibranchs the 
ventricle may beat rather slowly — e.g, twenty 
times per minute in the oyster, six times per 
minute in Anodonta — but in the young of 
Ostraea the pulsations may be as many as one 
hundred per minute. 

The auricles communicate with the ventricle 
by a narrow slit on each side, the apertures 
being provided with muscular valves whicli 
prevent the reflux of blood from the ventricle. 
The auricles are thick and muscular only in 
the Nuculidae, Solenomyidae, Anomiidae, and 
in a lesser degree in Pedunculus. In these fig. 203. 

diverse but relatively primitive forms (and also Heart of ostram ediiUs, 
in Pecten and some other types), the auricle of bra\lchiS''e^^^^^ 
either side is connected only with the anterior /" ^j^er Poiff*^ ' ^^' ^^^^^' 
or basal extremity of the efferent branchial 
vessel, a disposition which is common to other groups of Mollusca and 
indicates the primitively posterior situation of the ctenidia. In this 
case the auricles are elongated (Fig. 204, XII) and their maximum 
diameter is close to the ventricle. In all other cases their walls 
are thin and moderately muscular, they enter into relation with 
the gills along a considerable extent of the eff'erent branchial vessel, 
and they are triangular in form (Fig. 234, aur), with the maximum 
diameter nearest the gill. When the ventricle contracts the 
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auricles dilate, so that the three together always fill the pericardial 
cavity. The walls of the auricles are frequently invested with a. 
brownish-coloured glandular epithelium, constituting the pericardis*.! 
glands (see below, p. 233). Sometimes the two auricles coni- 
municate witli one another inside the pericardiuio. In tlio 
Pectinacea (Pectinidae, Aviculidae) and Ostraeacea (Fig. 203), and 
also in I'ectuvcaiiis, Philobrya, 
and the Mytilidae, this com- 
munication lies behind and 
Co the ventral side of the 
ventricle and its aorta; in 
Isocardia it is anterior and 
dorsad of the aorta. The 
game tendency to the union 
of paired symmetrical organe 
may be seen in the kidneys 
and gonads, 

When the circumanal com- 
plex — that is to say, the 
piosterior adductor muscle, the 
mantle borders, and especially 
the siphons— are only siighUy 
developed, the ventricle only 
gives off a single ajiterior 
aortic trunk, just as it does 
in the Amphineura and Gas- 
tropoda. This is the case in 
the Anomiidae and Mytilidae. 
Or the posterior aorta may 
be very small or iiidiatinotly 
marked off from the anterior 
aorta, as in Pecluncvlus and 
some species of Numla; but 
' in all other Lamellibranchs, 
' and especially in the siphonate 
iscie'of forms, there are always two 
' " ' aortae, an anterior and a pos- 
terior, clearly separated from 
one another and of more or less equal importance. The anterior 
aorta ia dorsad and the posterior ventrad of the intestine, except, 
of course, in Nucula, and other forms in which the heart is 
dorsal. The pedal branch of the anterior aorta passes between 
the cerebral and pedal ganglion - pairs. In Ostraea, Vulsella, 
Tridaciia, and Teredo the two aortae are secondarily fused to form 
one; again an instance of convergence in unrelated species, due to 
the shortening of the antero-poaterior axis of the body. 
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The foot, the mantle, and the siphons derived from the latter 
are gorged with blood when their muscles are relaxed, and their 
sudden contraction often produces a reflux of arterial blood tovrards 
the heart. In LamellibranchB with a well- developed foot and 
siphons, the return of blood into the ventricle is prevented by 
valves situated at the origins of the aortae, and a sphincter is aleo 
often to be found at the root of the posterior aorta, and sometimes 
a valve in the siphonal artery. In addition, highly developed 
aortic bulbs, separated from the ventricle by one of the above- 
mentioned valves, are frequently present, generally on the posterior 
aorta, where a large bulb may be seen, within the pericardium, in 
many Siphonates, particularly in the Veneridae {Tapes, Fig. 202, a.h), 

Petncolidae, Tridacnidae, Mactridae, etc. A bulb or aortic dilata- 
tion also occurs on the anterior aorta, inside the pericardium in 

?«ten and the Mytilidae, outeide the pericardium in Anodmla. 

The arterial blood forced back towards the heart by the contraction 

' of the foot or mantle or siphons enters and fiDs these various bulbs. 

The blood carried to the different parts of the organism by the. 

ultimate ramifications of the arterial trunks finally enters the 

venoua sinuaea, of which the most 

important are the pallial sinuses, 

the pedal sinus, and the great 

madian ventral sinus. The last 

named is situated between the 

pericardium and the foot, and is 

separated from the pedal ainus by 

the valve of Keber, which prevents 

the foot from emptying itself of 

blood when in movement. It is 

from this great unpaired median '*■ ^ 

sinus that the greater part of the 

blood is derived that passes through 

the kidneys and thence goes on to 
tile gills. But a certain quantity 
of blood is carried to the auricles 
without having passed through the 
gills : this blood is brought from 
the mantle, for example, in Peclen. g 
The essential respiratory oi^an (; 
of the Lamellibranchs is a pair of < 

ctenidia.. E^h ctenidium ia a degViituur.) ' ' ' 

lateral pallial offset, occupying a 

bnger or shorter space between the mantle and the posterior part 
of the visceral mass. It may extend aa far forward as the labial 
palps (Fig. 241, br'), but in the most archaic forma the gills still 
occupy a relatively posterior position (Figs. 230, 231, g), while in 
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specialised forms they reach to the anterior extremity of the bodj 
(Fig. 221). Each ctenidium consists of a hollow vascular axis 
bearing on each face a row of more or less flattened hollow filaments, 
which are nothing more than simple expansions of the axis. In the 
Protobranchia the filaments are broad, simple, and free (Fig. 230,^), 
and the two rows are situated on opposite sides of the axis (Fig. 
206, A, £). In all other Lamellibranchia the filaments are more or 
less narrow, and the two rows are normally parallel to one another 
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Fio. 206. 

Diagrammatic sections taken transversely to the axes of the gills of various Lamellibranchs. 
A^ Nucula ; B, Solenomya ; C, Dimya ; D, the majority of the Lamellibranchs ; E, Donax fdba ; 
F, Donax variabUiSj Tapes, Venus ; G, Lasaea ; H, TeUina ; J, Lyonsia ; Kj Lucina, Montacuta. 
a, axis ; b, direct (usually descending) lamella of the outer gill-plate ; c, reflected (usually 
ascending) lamella of the outer gill-plate ; d, direct or descending lamella of the inner gill-plate ; 
e, reflect^ or ascending lamella of the inner gill-plate ; /, leaflets of the outer gill-plate ; g, 
leaflets of the inner gill-plate. (After Ridewood.) 

and directed towards the ventral surface (Fig. 206, C-K). The distal 
moieties of the filaments are, however, reflected ectaxially and 
dorsalwards, in such a manner that each row forms a double 
lamina, that is to say, consists of two leaves or lamellae (Fig. 205, 
br, hr') between which there is an interlamellar space or cavity, 
serving, in some species, for the incubation of the ova. 

In the Filibranchia the successive filaments of each ctenidial 
row are locked together by ciliary junctions, sometimes specialised 
to form ciliated discs whose cilia interdigitate closely with one 
another (Fig. 210, A, cj). The direct and reflected limbs of each 
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individual filament — and consequently the two lamellae of each gill- 
plate — are joined together by bridges or interlamellar junctions, 
which are formed of connective tissue only in the Pectinidae, but 
are vascular in the Aviculidae. Finally, the different elements of 
the branchial apparatus are much more intimately connected in the 
Yarious groups of Eulamellibranchs, in which there are always 
vascular interfilamentar and interlamellar junctions (Fig. 237). 
Thus the blood brought to the gill by the afferent vessel is conducted 
by vessels which run between the lamellae and communicate with 
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Fio. 207. 



Adacnarca nitenSf Pels., transverse section, br, right internal gill-plate ; br', left internal 
eill-plate (without reflected lamina) : &r", external gill-plates (with reflected lamina) ; ca.b, 
bysstis cayitv ; com.v, visceral commissure ; hep, liver ; in, intestine ; pa, mantle ; per, peri- 
cardittm ; r, kidney ; st, stomach ; tea, testis. 

the filaments on either hand, forming in this manner the inter- 
lamellar junctions. 

Each gill -plate may be thrown into a very regular series of 
transverse folds, each fold involving a fixed number of filaments ; 
this is the case in the Pectinacea, the Ostraeacea, and the more 
specialised forms of Eulamellibranchia. In the last -named the 
folding is still but slightly marked in the Veneridae, but becomes 
much more so in the Cardiacea (in Tridacna a single fold may 
contain as many as seventy filaments), the Myacea, etc. In the 
Pectinacea and Ostraeacea the filament forming the junction between 
two successive folds becomes thicker and more important than the 
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Others, cooatituting a principal filament lying at the bottom of the 
furrow between two aucceBsive folds. Not all the Lamellibrancbia 
posBCBs complete gills consisting of two gill -plates each formed 
of two reflected lamellae ; in Anomia aadeala and Dimya none of tlie 
gill - plates have j-eflected lamellae ; in Adacnarca the reflected 
lamella is absent from the inner plate (Fig. 207, 6r') ; in Lasais, 
and all the Anatinacea there is no reflected lamella in the outer 
plate, and finally, the external plate is aborted in certain Lucinidae 
{Lucina, Corbis, Moniacala, Cryptodon), in Sctoberetia, and the Tere- 
dinidae (Fig. 206, K). The external gill-plate, whether complete 
or not, instead of being directed ventrally with its lower border 
parallel to that of the inner plate, may be directed dorsally, and 
in such case may be without the reflected lamina, as in Sokrwmya 
(Fig. 231, g), or may possess it, and be either smooth, e.g. TeUim 
{Fig. 206, H), or folded, e.g. the Anatinacea. 

The posterior, that is to say, the distal ends of the branchial 
axes are primitively free, as in the aspidobranch Gastropoda (Figa 
82, 127), and in such case the gSU 
show no concrescence in(er se, nor 
do the free extremities of the re- 
flected lamellae unite with tke 
mantle. This primitive condition 
is found in tlie Protobranchia (Fig- 
331), the Arcidae (Fig. 208, i), the 
Trigoniidae, the Mytilidae, and the 
Pectinidae (Fig. 235, g) ; and among 
the Filibranchia it is only in the 
Anomiidae that the gills are united 
by the dorsal edges of the interniil 
lamellae of the inner plates. But 
in all other Lamellibranchs the 
gills, in addition to this union, aie 
joined to the mantle by the app6t 
edges of the external lamellae of 
the outer gill-plate, and anteriorly, 
viewDftheveiicni<mdai)a9pe<:tofCbe where the visceral mass interposes 
ISiTimLw™ ^' h^n'T^t^l "t to prevent the union of the reflected 
T^"'iil''Tv'ii,'"'?,'!"^,'''^"S?'l'f lamellae of the inner gill-plates, 

of the giU*xt» of the nght side ; d, do. of or-' 

thB left side ; e, f, atiMriot (art of these thcse latter are attached to the 
™u;'"ran«riorXS«^'1nSl;'L«fS; viscero - pedal mass (Fig. 209, 

rtetigr Bddnetor raueols ; V, interior Up ; Tt p Yf\ ThftiiK vn.i-ir.iia iinn'nnn nf 
posterior Up; 1, bsee line ot the foot; "' ^' ^f- -""ese vanOUS Unions 01 

m, sole ottho toot ;ii,bya9U8osvity. {Atua the extremities of the reflected 
lamellae, whether with one another 
or with the mantle or with the viscero-pedal mass, may be effected 
by simple ciliary junctions— e.jr. in Avkida, Pinna, Anomia, jSofen, 
the Anatinacea — or by a true concrescence. 
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'M The result of theBe multiple unions is that the gills form a 
partition, extending as far as the division between the two posterior, 
anal and branchial^ pallial orifices (Fig. 309, D), and dividing the 
pallial cavity into two chambers, called respectively the supra- 
branchial or cloacal and the infra-branchial chamber (Fi^ 209, t, i). 
The respiratory water generally enters the pallial cavity by the 
postero-ventral side (by the branchial orifice or by the branchial 
uphon, if the latter is differentiated) ; thence it passes, as through 




a filter, through the trellis-work of the branchial filaments con- 
stituting the partition in question, and is expelled from the supra- 
branchial chamber by the anal orifice of the mantle or by the anal 
dphon. 

In one whole group, the Septibranchia, this branchial partition 
loses its normal stnicture in consequence of a predominant develop- 
ment of its contractile elements, by which it is converted into a 
miucular septum perforated by apertures leading ventro-doreally 
(F^, 211). The water passes through these apertures from the 
infra-branchial into the supra-branchial or cloacal chamber. Eespira- 
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tion is effected in the latter chamber by the internal surface of 
the mantle, which is bathed by a strong current of water passed 
through by the contractions of the muscular septum. 
■ Ab regards the structure of the gills, it has been known aince 
1877 (Peck) that in all the LamelUbranchia each constituent fiU- 
ment of the gill is clothed externally by an epithelial layer con- 
tinuous with the epithelium of the general surface of the body. 




A, part of tour fllnniBntii seen from liie ontm 

, .... B, dtagism of thB poatorior &ce of » single M 

^Enfling (direct.) ramus »nd&aq8niilnB(reaected)»mu9 ending in a he 
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At certain points this epithelium is modified and bears powerful 
cilia, particularly on the two ventral edges of each filament, where 
the so-called "comer cells" (Fig. 210, l.f.e"), by the action of their 
cilia, keep up a brisk current of water over the surface of the giUa. 
There are also " lateral " ciliated cells on the two facea of each 
filament, which enaure the ciliary union between successive fila- 
ments. Internally each filament presents a supporting structure, 
formed by paired longitudinal thickenings of the sub-epithelial 
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connective tissue. This thickening is specially well developed on 
the internal sides of the lamellae in the Anomiidae, Arcidae, and 
Trigoniidae (Filibranchia, in which the filaments are very loosely 
held together), while in the rest of the Lamellibranchia the thicken- 
ing is most developed on the external or ventral side. 

The cavity of the branchial filaments is divided lengthwise by a 
connective tissue septum in the Anomiidae, Arcidae, and in Peden, 
The aflFerent branchial vessel runs in the dorsal half of the axis in 
the Protobranchia, and consequently the blood enters each filament 
on the dorsal side and passes to the ventral side to enter the efferent 
branchial vessel leading to the auricle. Thus in each filament 
there are two currents running in opposite directions, but continuous 




Pig. 211. 

Transverse section of Cuspid4xria, taken through the heart. I, branchial septum ; II, 
branchial nerve ; III, sphincter of branchial orifice ; IV, mantle ; V, septal orifice ; VI, posterior 
retractor of the foot ; VII, testis ; VIII, intestine ; IX, accessory genital gland ; X, visceral 
commissore ; XI, ventricle ; XII, pericardium ; XIII, auricle ; XIV, kidney. 

with one another. The same thing may be seen in the narrow and 
still independent filaments of the Anomiidae and Arcidae, but when 
the cavities of successive filaments are put into communication with 
one another along the free borders of the reflected lamellae, there is 
but one current in each filament running from the afferent vessel 
(whose position is variable) to the efferent vessel common to the 
two gill-plates. 

In addition to their respiratory function, the gills are accessory 
to the function of alimentation. The action of their cilia produces 
a constant current from behind forwards, which carries particles 
suspended in the water towards the labial palps, and consequently 
towards the mouth. In some rare cases — for example, in MytUus — 
an accessory respiratory apparatus is developed in addition to and 
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outside the ctenidial brancbiae, in the form of little secondary pallial 
outgrowths, constituting the folded organs called " frills," 

3. Excrttory Organs. — The principal excretory organs are the 
kidneys, which are symmetrical organs situated below the peri- 
cardium in the postero-dorsal region of the body : they generally 
extend back to the posterior adductor muscle, but not so far in 
the Protobranchia (Fig. 231, k). They have the form of two sacs, 
with glandular walls, irrigated by the venous blood passing to the 
gills and opening on the one hand into the pallial cavity by 
orifices situated at their anterior ends and external to the visceral 
commissure, and on the other hand into the pericardium. This 
latter organ is a median dorsal pouch, situated in the posterior 
part of the visceral mass and enclosing the heart (Fig. 204, I ; 
205,^). In the Anoraidae alone of all the Lamellibranchia the 
pericardium is greatly reduced, does not contain the heart, and con- 
sists of two small ramified spaces. The 
pericardium communicates with the kidneys 
by two symmetrical ventral reno-pwricardial 
or internal renal orifices (Fig. 312, jy), and 
in Anomia the kidneys communicate with 
the two small ramified spaces mentioned 
above. The tubes of the gland of Keber, 
which ramify in the mantle, also open into 
the pericardium. The pericardium is always 
(. ,, y 1/ completely shut off from the circulatory 

"^7^ ^/ system, a fact which can readily be demon- 

^^^/^ — J — ^ J strated in Lamellibrancha with red blood. 

The structure of the kidneys is simplest 
^"- ^'^ in the Protobranchia. In this group each 

?i!^^i.'''i'i'n^l'^i^' kidney has the form of a more or less 
™*i "fpsct. a.o, BDMrior cyundncal sac folded on itself in such a 
liw gisnd'""s.o,' "genftai manner that the pericardial and external 
■°™' right EuntrTp'^P^- f>riiices are both anterior. The lumen of 
-j'.''!II',S^?,',J'"l'' ~L'{ 'lis ^^'^ '8 ^ge, its wall is glandular and 
I uniform throughout its extent, and the 
two kidneys do not communicate with 
one another {Solenomya, Fig. 213). This 
f a tube folded into a U-sliape, so that 
one branch is an tero- posterior and the other postero -anterior, 
is preserved throughout the Lamellibranchia, but as a result ~ 
of specialisation the interior surfaces of the renal sacs are more^ 
and more increased by the formation of multiple folds, giving^ 
a spongy appearance to the organs. Sometimes, also, th«^ 
terminal part or postero -anterior branch loses its excretory^ 
character and is modified to form a simple duct, which mor^v 
or less surrounds the other branch (Unionidae, Fig. 242 (6), an, a.r)^M 
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In other cases the differentiation into two hranches folded one over 
the other disappears through the reduction of the antero-posterior 
branch ; the kidney is then a simple sac into which the reno- 
pericardial duct opens. This may be seen in some Filibranchia. 

The two kidneys do not communicate with one another in 
Sc^enomya and in many Filibranchia, but a communication between 
their anterior ends is already present in Yoldia and Leda^ and 
a communication, often of considerable extent, between their 
posterior ends is found in the majority of the more specialised 
forms, e,g. Modiolarca, Lasaea, Donax, Tapes, PsevdoJceUya, and 
especially in the Myacea, Pholadidae, and Anati- 
nacea. The renal organs are excessively ramified 
and extend over the whole surface of the visceral 
mass in Ostraea, and both in this genus and in 
Phdas they surround the posterior adductor 
muscle. The kidneys similarly extend very far 
forward in Mytilus and in the majority of the 
Anatinacea, penetrating into the mantle itself 
in lA/onsidla. Finally, in the Septibranchia the fio. 218. 

kidneys are almost wholly immersed in the Left kidney of soimo. 
pallial sinus (Fig. 21 1, XIV). Z^^t^rCn^''^l 

In the most archaic Lamellibranchia the externai^^^reVm! reSS- 
renal secretion is passed out of the body in pericardial orifice; iv, 

1. •!/. ii« A-i • .t e e duct of the gonad. 

a liqma lorm, but m others in the form of 

solid concretions, exhibiting concentric layers of growth, and in 

normal conditions containing only urea. 

The excretory function is carried out by the pericardial glands 
as well as by the kidneys. These glands are differentiations of 
the epithelial wall of the pericardium, and may be localised on 
and impart a brownish tint to the auricles, as in many Filibranchia 
(Arcidae, Mytilidae, Pectinidae) and the Ostraeacea, or they may 
be near the auricles as in the Aviculidae. In this condition 
they are less well developed in the more specialised groups, but 
they reappear in Pholas and Saxicava. The glands frequently 
exist in the form <5f a glandular lining of the anterior part of 
the pericardium or of the glandular diverticula which pass from the 
pericardium into the mantle (Fig. 212, pe,g). This arrangement 
may be seen in the Unionidae — the diverticula constituting the 
" organ of Keber " — in certain Lucinidae, Veneridae (Fig. 202, pe.g), 
Tellinidae, Solen, Pholas, and Aspergillum. In the last-named 
genus these diverticula used to be called pericardial veins at a 
time when the pericardium was thought to be a blood sinus. The 
pericardial glands excrete hippuric acid, which is poured into the 
pericardium, and from thence passes into the kidneys. 

4. Nervous System and Sense-Organs, — The different pairs of nerve- 
centres are always placed at some distance from one another in the 
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Lamellibranchia. In the Protobranchia alone are there four dis- 
tinct pairs of ganglia, cerebral, pleural, pedal, and visceral, in the 
adult (Fig. 214). In this group there is a pleural ganglion attached 
to the cerebral ganglion on either side, as is the case in the 
Scaphopoda and the " epiathroid '' Gastropoda (Figs. 182 ; 123, B). 
There are therefore two pedal connectives on each side (Solenomya 
and Nucuh), namely, the cerebro-pedal and the pleuro-pedal con- 
nectives, which are free in the initial part of their course (Fig. 
214, cpx, pLpx)j but are fused together half-way towards the 
pedal centres in Nucula, and for nearly the whole of their length 
in Solenomya, as is the case in Dentalium (Fig. 182) and the 
Atlantidae. In all other Lamellibranchia the pleural centres are 
intimately fused with the cerebral, and there is only a single pedal 
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Fig. 214. 

Nervous system of Nticula nucleus, viewed from the left side, and a little ventrall^. ce.g, cere- 
bral ganglion ; c.n, cerebral nerve ; c.p.c, cerebro-pedal connective ; o.n, otocystic nerve ; 0,0, 
otocystic orifice ; os, osphradium ; otf otocyst ; jxi.u, pallial nerve ; p.g, pedal ganglion ; pl.gf 
pleural ganglion ; pl.p.c, pleuro-x>edal connective ; vUCf visceral commissure ; vi.g, visccoal 
ganglion. 

connective on each side (Fig. 215, B). Nevertheless, in all the 
Lamellibranchs belonging to different groups that have been studied 
from this point of view, a pleural ganglion distinct from the cerebral 
has been recognised in the course of development (Modiolarca, 
Dreissensia, Lasaea, Teredo), 

In all the Lamellibranchia the cerebral, or rather the 
cerebro-pleural, centres are connected with the pedal and visceral 
centres: thus there are two distinct commissures, the pedal 
and the visceral. In Mytilus, however, the visceral commis- 
sure is fused for a certain distance with the pedal connectives. 
The visceral commissure is always long, and issues from the pleural 
ganglia in Nucula and Solenomya, from the cerebro-pleural ganglia - 
in other Lamellibranchia. It runs somewhat superficially right-^: 
round the viscero-pedal mass, inside the renal orifices (Fig. 231, r,o)^^ 
and bears on the posterior part of its course a large pair of ganglii 
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(^'\g. 215, c), and in exceptional cases a little ganglion at about th« 
ttkiddle of its length on either side, at the point of origin of 
the branchial, pallial, or visceral nerves. These additional ganglia 
occur in Dreissensia and in some other genera of Eulamellibranchia, 
viz. the Unionidae, Cardiwn, Latmria, Mya, and Solen. Each of 
the three chief pairs of ganglia presents the same general 
characters in the entire class, and special characters in certain 
forms. 

The cerebro- pleural ganglia are supraoesopht^eal and are 
dtuated above the buccal orifice ; generally on the posterior face 
of the anterior adductor muscle when this exists O^gs. 330, 351, &j)). 
In the Solenomyidae alone do they occupy a more poeterior position 
(Tig. 231, eg). In the Protobranchia, and in Maelra coraUi*a and 
Venus, the cerebro-pleural ganglia are attached to one another, but 
in all other forms they stand 
apart. They innervate the labial 
palps, the anterior adductor 
muscle, and the anterior part of 
the mantle, and send fibres to the 
osphradia and otocysts. 

The pedal ganglia are situated 
in the mass of the foot at a 
greater or less distance from the 
cerebral centres ; they are always 
attached to one another (Figs. 
2U, p.g; 215, 6). When the 
foot is atrophied they become 
more and more reduced — e.g. in 
Teredo (Fig. 195, p.g), Ostraea, 
Peden (Fig. 215, C)— and the 
pedal connectives become very 
shorti. 

The visceral ganglia are situ- 
ated some distance behind the 
posterior adductor muscle in all j 
the Protobranchia (Fig. 231, v.g), e 
but in other Lamellibranchia they b 
are to be found on the ventral 

face of this muscle (Figs. 188, 218, 219, etc., v.g), except in Thracia, 
in which they are in front of it, and in some highly specialised 
forms in which they are again behind it, as, for example, in Pholas, 
and particularly in Teredo, in which the posterior adductor is 
shifted forward (Fig. 195, v.g). The visceral ganglia are generally 
superficial, and barely covered by the tegumentary epithelium 
(Figs. 188, 236), but in lima they are somewhat deeply embedded 
in the visceral masa The two ganglia are primitively distant 
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from one another, and remain so in most Protobranchia (Fig. 
214, vi.g\ in the Anomiidae, most species of Arcxi (Fig. 188, v.g\ 
in Adacnarca and Fhilobrya, the majority of the Mytilidae, Atncula 
(Fig. 236), Ostraea, and certain Lucinidae (MontactUa). On 
the other hand, they are in juxtaposition in Yoldia^ Peduncalus, 
lAmopsis, certain species of Arca^ the Trigoniidae, Modiolaria, the 
Pectinidae, most Eulamellibranchia, and the Septibranchia. The 
visceral centres innervate the gills, the heart (by recurrent nerves 
passing round the posterior adductor muscle), the posterior part of 
the mantle, and the siphons. The anterior pallial nerves issuing 
from the cerebro-pleural centres and running along the borders of 
the mantle anastomose with nerves issuing from the visceral ganglia 
to form a complete pallial circle on either side. In some Eulamelli- 
branchia (Dreissensiay Pholadidae, and Teredinidae) there is a small 
but distinct ganglion mass in front of the visceral ganglia, and 
united to the two branches of the visceral commissure. In 
Dreissensia this accessory ganglion gives off several nerves, chiefly 
to the viscera. 

The Lamellibranchia have no differentiated stomato- gastric 
system; the median faces of the two branches of the visceral 
commissure give rise to nervous strands which pass to the 
alimentary canal. 

Tactile sensibility is specially localised in the most exposed 
parts of the body, that is to say, in the borders of the mantle along 
which run the circumpallial nerves formed by the anastomosis of the 
anterior pallial nerves from the cerebro-pleural ganglia with nervous 
trunks issuing from the visceral centra The mantle borders very 
often bear sensory papillae, or more or less well developed tentacles 
throughout their extent, e,g, in Solenomya (Fig. 231,^a), Lepton, Fecten 
(Fig. 235,^a), and above all Liina : in this last genus the tentacles are 
long, contractile, and disposed in several rows. When the borders 
of the mantle are fused together at various points, these sensory 
papillae are localised at the posterior ends, at the place of entrance 
of the respiratory fluid, or at the margins of the siphons (Figs. 219, 
221), or round the two siphons to form a sort of tentacular crown, 
as may be seen, for example, in Cardium (Fig. 243, a. 5, br.s\ TapeSy 
Corhula, Poromya (Fig. 249, p,t). In some cases there are highly 
developed tentacles ; thus in Lepton and Galeomma there is a median 
azygos tentacle at the anterior end at the point of union of the two 
mantle lobes, and two symmetrical tentacles in the same situation 
in Solen, There are two symmetrical tentacles at the posterior end in 
Solenomya, and a single lateral tentacle on the right or left side in 
the Ledidae (Yoldia, Fig. 230, sJ, Leda, and MaUetia). The labial 
palps are not highly specialised tactile organs, and serve as acces- 
sory alimentary rather than sensory organs. 

At the origin of each great branchial nerve, close to the visceral 
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ganglion — and consequently on the posterior adductor muscle in 
most cases — there is an accessory ganglion (Fig. 214, os), above which 
the tegumentary epithelium is modified to form a sensory organ, 
and is often pigmented, as for example in Arm. This organ cor- 
responds to the osphradium of the Gastropoda, and its situation at 
the point of attachment of the gill renders it probable that it serves 
to test the respiratory fluid. The osphradial ganglion receives 
nerve-fibres not from the visceral ganglion, but from the cerebral 
ganglion by way of the visceral commissure. 

Another organ of an analogous nature, lying on the posterior 

adductor muscle on either side of the anus (and consequently 

behind the osphradia), is found in many asiphonate forms, for 

example, in the Arcidae, the Trigoniidae, the Pectinidae, and 

the Aviculidae. It forms a little papilla or epithelial elevation 

at the end of a nerve strand given off from the posterior pallial 

nerve, ^rhich in turn is given off from the visceral ganglion. In 

these Lamellibranchs the two little organs in question often show 

a tendency to asymmetry, that of the right side being better 

developed than that of the left. In the siphonate Lamelli- 

branchia, in which the gills are united together posteriorly 

and conceal the posterior adductor muscle, the sensory organ in 

question is displaced along the course of the posterior pallial nerve, 

and lies at the internal end of the inhalent or branchial siphon, 

often lying over a "siphonal" ganglion developed at this place. 

In such case the organ may be an epithelial projection in the form 

of a glandular and sensory plate (Leda, Donax, and Pholas), or a 

projecting lamina (Mactra, Scrohiaularia, etc.), or even a tuft composed 

of many papillae (Tellina), Lastly, an adoral 

Sense-organ, provided with an accessory ganglion, 

exists in the neighbourhood of the palps in Nucvla 

^nd Poromya, 

The otocysts or statocysts, as is the case in 
the majority of the Mollusca, are situated in the 
3)edal mass in proximity to the pedal ganglia ^^^ ^^^ 

<Figs. 230, ot] 242, ay), and they may even be otocyTt ot cyoUs. 
deeply embedded in these centres, for instance, *''if*?.®^^®'tJ ^'JS.^^ 
in Galeomnuij and the Leptonidae {Lasaea, Kellya), tic capsule ; 0, otolith. 
In the majority of the Protobranchia {NuaaU, g^dTg.t*"^"'*"'' *^' 
Leda^ Solenomya), in Area, and in some Mytilidae 
{MytUus, Lithodomus) these organs are simply deep invaginations 
(otocrypts) of the superficial epithelium of the foot, and com- 
municate with the exterior by a fine canal which opens on the 
side of and in the dorsal region of the foot (Fig. 214, ot, 0,0): 
this canal is closed in the adult Yoldia. In the adult Solerwmya 
the otocysts have disappeared. In Leda they each contain an 
otolith, but in Nmula, Area, and the Mytilidae they contain 
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numerous irregularly-shaped auditory particles. In the rest of the 
Lamellibranchia the otocysts are completely closed spherical cavities, 
containing a number of auditory particles (otoconia) in the Fili- 
branchia, but a single large otolith in the Eulamellibranchia and 
Septibranchia, with the exception of Saxicava and the Anatinacea, in 
which both otoconia and an otolith coexist in each otocyst. In 
Ostraea both otoliths and otoconia appear to be absent. 

The cavity of the otocyst is generally lined with ciliated cells 
(Fig. 216, e), but cilia may be absent in forms which have otoliths. 
The nerves supplying the otocysts do not originate from the pedal 
ganglia, but are branches of the cerebro-pedal connectives (Fig. 214, 
o.n), and their fibres can be traced back to the cerebral ganglia. As 
regards the physiology of the otocysts, it has been shown that 
Lamellibranchs — e.g, Arwmia — are able to appreciate sounds trans- 
mitted through the water. 

Cephalic eyes in the adult state are found only in certain Fili- 
branchia ; viz. in the Mytilidae and Avicula (Fig. 236, e). They are 
situated at the bases of the first direct filaments of the inner gill- 
plates, and each consists of a simple pigmented epithelial fossa which 
contains a cuticular crystalline lens, but they do not seem to confer 
any great sensibility on the species that possess them. Some other 
Lamellibranchia have cephalic eyes during larval life : they are situ- 
ated outside the velum, like the eyes of the larvae of Polyplacophora. 
One may suppose that the mantle and the shell, which cover up the 
whole of the body, render cephalic eyes of little use. Further, by 
way of organic counterpoise one finds that the absence of cephalic 
eyes is compensated by the development of analogous organs on the 
only parts of the body that can be projected from the shell, that is 
to say, on the edges of the mantle and the siphons. The most simple 
arrangement consists in the presence of pigmented cells at the 
extremities of the siphons or around the posterior pallial apertures, 
the existence of such cells coinciding with an increased photodermatic 
sensibility whether for both a sudden illumination and a sudden 
obscuration as in PholaSy lAthodomus, Mactra helvacea, and Tellina 
complanata ; or for a sudden obscuration only, as in Ostraea and 
certain species of Cardium and Venus ; or for an increase of illumina- 
tion, as in Lima and PsammoMa vespertina. As the result of 
specialisation, pigment spots of this kind are transformed into 
veritable eyes, situated on the projecting edges of the mantle and 
siphons. 

Pallial eyes arising in this manner are of several different kinds, ^ 
of which the principal are those occurring in the Arcidae, Lima, ^ 
and the Pectinidae, Spondylus, and some species of Cardium-. 

In the greater number of Arcidae, namely, in the genus Arca^r 
except A, diluvii, and in Pedunculus, the pallial eyes are but 1itt) ^== 
differentiated in structure, but are collected in groups ; that is to say 
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Uiey are compound or faceted eyes, eack element of which is a 
pigmented ceil or ommatidium with a cuticular cornea. In lAmo. 
ezcavaia {L, hians and L. loscombii have no eyes) there are from 
eighteen to twenty-three eyes on the border of each mantle flap, 
consisting of very deep pigmented fossae, at the bottom of each of 
which there ia a layer of rods and a refractive body. 

In Peden (with the exception of abyssal species) and Spondylva 
the eyes have a more complicated stnicture : they ai'e isolated and 
always in larger number on the left or superior than on the right 
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«r inferior mantle lobe, and they are of different sizes and irregularly 
Arranged. Each eye is borne on a abort tentacle projecting from 
the internal duplicature of the mantle border (Fig. 235, e) and its 
essential Btnicture is that of a sub-epitbelial ocular globe. The more 
superficial moiety of the ocular wall forms the retina in such fashion 
that the transparent retinal elements have their free extremities 
turned towards the interior of the globe (Fig. 217, re), and each is 
capped by a cuticular rod. The deeper moiety of the ocular wall, 
u well as the part of the tentacle surrounding it, is pigmented. In 
tJie interior of the ocular cavity there is a refringent layer — the 
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tapetum — of cuticular or secretory origin, which gives the eyes of 
Pecten and Spondylus their brilliant lustra The optic nerve arises 
from the circumpallial nerve and subdivides : one of its branches 
passes round the ocular globe to reach the retina. Between the eye 
and the external corneal epithelium or pellucida there is a cellular 
lens or conjunctiva, which is extra-ocular and consequently sub- 
epithelial. In some cases the corneal epithelium itself is thickened 
above the eye (Fig. 217, co). 

In some species of Cardium — in C. rusticum, for example — the 
siphons are the only parts of the animal which project from the 
bottom when the animal is buried, and the tentacles surrounding 
them are provided with eyes whose structure is analogous to that of 
the eyes of Pecten and SpondyluSj with this difference, that in the 
former the pigment is situated in the connective tissue surrounding 
the ocular globe. 

5. Generative Organs, — The sexes are separate in the Lamelli- 
branchia in general, but the whole order of Anatinacea is herma- 
phrodite, and also some small isolated groups, viz. the Cyrenidae, the 
genera Poromya, Tridacna^ Kellya, Lasaea, Entovalva, and Scioberetia 
(the two last named being parasitic), and certain species of Pecten^ 
Ostraea and Cardium, and Anodonta imbecilis. Sexual dimorphism is 
recognisable only in certain species of Unio ( U. bataims and U. tumidus) 
and in Lampsilis, in which the female is rather broader than the male, 
and in Astarte, in which the border of the shell is smooth in the male 
but crenelated in the female. In the genus Teredo there is hyper- 
polygyny, the males being only in the proportion of 1 : 500 to the 
females. There is never a copulatory organ, nor yet an accessory 
gland, unless perhaps in the male Cuspidaria, The gonads are 
paired and symmetrical, superficially placed, and generally occupy 
the most dorsal and posterior part of the visceral mass, often extend- 
ing thence into the foot. They are united and communicate with 
one another in Donax, Lasaea, Adacnarca, Chlamydoconcha, Cuspidaria, 
etc. In exceptional cases they extend into the mantle, either into 
both lobes, as in all the Mytilidae except Dacrydium and some 
species of Chama, or into one lobe only as in the Anomiidae. In 
some genera of Lucinidae, e.g. Montacuta and Aodnus, the gonads, 
together with parts of the liver lobes, project into the pallial cavity 
in the form of arborescences. Each gonad is an acinous structure 
and its caeca may be much ramified, for instance, in Ostraea, 

In the most primitive arrangement there is no. proper generative 
aperture ; each gonad discharges its products into the reno-peri 
cardial duct, as may be seen in the Protobranchia (Solenomya, etc.) 
but a secondary union between the reno-pericardial duct and the 



external extremity of the postero-anterior branch of the kidnei 
allows the generative products to pass direct to the external rena. — 
orifice (Fig. 213, IV, II). In many other forms the gonad still open " 
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iato the kidney of the Bame side, not near the pericardial orifice, 
bnt nearer to the external aperture, e.g. in the Anomiidae and 
Fectinidae, or close to the external orifice, ae in Arai. In other 
cases the gonad and the kidney open together into a common slit or 
cloaca {Osiraea, Cyclas, Fig. 218, g.o, and certain Lucinidae). Finally, 
in those cases in which there is a separate generative aperture, it 
may either be situated on a papilla common to it and to the renal 
orifice {Mt/tUus edulU), or, as is most frequently the case, it may be 
in the immediate neighbourhood of the renal orifice, and like it, 
situated to the outside of the visceral commissure (Fig. 242, (6) y). 
When normal hermaphroditism occurs in the Lamellibranchia, 
it may exist in one of the following different forms. In the first 
each gonad is entirely hermaphrodite throughout its extent; that 
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is to say, uniformly composed of acini capable of producing ova and 
spermatozoa simultaneously or successively. This condition is 
found in Oetraea edulis, 0. angasi, 0. plicala, 0. lurida (other species 
of Osiraea, viz. 0. vtrginica, 0. ghmerata, and 0. angulata are 
dioecious), Kellya, and LasaecL In the second form there are mate 
and female acini lying side by side throughout tlie whole extent of 
the gonad, e.g. Tridacna, Cardiwin oblongum, and C. norvegvMm. In 
the third form the gonads are differentiated into regions of different 
sex, the anterior region being male and the posterior female (Fig. 
235, t, ov), but these are not separate from one another, and have a 
common duct and a single orifice : this is the case in Feclm herma- 
phmditus, P. vummus, P. jacobaevs, P. operctdaris, P. glaJier, P. iira- 
dians, and P. fi&mosus (P. infiexus and P. varius are dioecious). The 
same arrangement is found in the Cyrenidae {Cyclas, etc.), in which, 
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however, the male and female portions of the gonad are not actually 
contiguoufl, but areunitedbyashortcanal(Fig, 218, (, Of), Bothatthe 
spermatozoa have to pass through the ovarian cavity before they are 




eliminated. Finally, in the fourth mode, an ovary and a testis com- 
pletely separated from one another exist on either aide of the body, 
each having its own proper duct and external onfice This is the 
case in all the genera forming the order Anatinacea and in Pfyrmnya 
among the Septibranchia. In these forme the ovary is dorsal and 
posterior the tcatia more anterior 
and ventrdl (Fig 319, t.o). The 
male and female genital orifices of 
the same side are contiguous ; they 
open on a common papilla in the 
Anatinacea but the female aper- 
ture IS outside the visceral commis' 
' sure, and therefore in the normal 
and ongmal position of the Lamelll- 
branch genital ontice, whereas the 
mate aperture is within the visceral 
„ commissure In Pcrromya the male 
and female du(.ts of each side open 
into a common onfice, external to 
the visceral commissure In all 
these hermaphrodites the male 
products are the first to ripen. 
D part Accidental cases of hermaphro- 
toUHde""' ovaJiM's^""" "'" ■''*'"°'"' ditism have been met witi in 
dioecious Lamelhbranchs (MytUus, 
Unionidae), and a unisexual individual of the normally hennaphro- 
dite species Fecfen glubei- has also been described. 
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The testis of a male or hermaphrodite is always readily recog- 
nisable by its brilliant white colour ; on the other hand, the ovary 
is often red {Macira, Dcmax, etc.). The ovum is derived from a. cell 
of the ovarian epithelium, but in most cases the neighbouring cells 
contribute to the formation of its vitellus (Cydas, etc.). The ovum 
j's surrounded by a vitelline membrane, which is often fairly thick 
(Unionidae, Anatinacea, etc.), and is only interrupted at the micro- 
pyle, or point of attachment to the ovarian wall. It is at this point 
that the spermatozoon effects an entrance. The vitelline membrane 
disappears after the first stages of segmentation, except in incubatory 
forms. A true ovarian follicle, formed of a continuous and regul^ 
envelope of epithelial cells, has been described only in Pseudokellya 
(Fig. 220J0I). 

t£ fi ad" 
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III. Embryology. 



Viviparous Lamellibranchs are unknown, but some few appear 
to be viviparous because they are incubatory. This is the case in 
some Filibranchia {Area mvipara and Philobrya) and in many Eula- 
melUbranchia, principally in the Submytilacea (certain species of 
Ostraea, Cwdyloeardia, Lasaea, Bomia, Scioheretia, Entovalva, Thecalia, 
Unionidae, Cyrenidae, Pseadokdlga, Teredo, etc.). The ova then 
are hatched after their escape from the genital organs, but in the 
greater number of incubatory forms they are retained for a 
certain time, in some cases up to the time of hatching, in the inter- 
lameUar branchial spaces. In certain Unionidae {CastaHtia, Arconaia, 
Fseadodon, etc.) and in Lasaea (Fig. 222) and Pseudokellya (Fig. 
221, tm) they are retained in the internal interlamellar space, as 
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also in the Cyrenidae (Cyclas, etc.), in which special pouches are 
developed to contain the ova, the maturer ova being the more 
anterior. In the Unionidae of the Old World and of North 
America they are retained in the external interlamellar spaces, and 
in other Unionidae {Quadnda, Schislodesma, Gibbosula, Omeopsis) and 
in Modiolaria in both the external and internal interlamellar spacee. 
In some other Lamellibranchia, e.g. Odraea edtdis and other herma- 
phrodite species of Ostraea such as 0. angasi and 0. lurida, and 




Lowta n^bro., a traDAVAroe aection through the posli^r^oT part of tbe body, ahowiDg embryos 
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mantle ; yKjl, latual palp ; tl^ atotnACh ; vi, viUllus. 

in Entovaha, the earlier stages of development are passed- through 
in the pallial cavity, outside the gills. In all other Lamellibranchia 
the eggs are laid one by one, generally in the spring or summer 
in temperate climates. In Nuoala delphinodonta they are collected 
together in a mucous sac fixed to the posterior part of the shell, 
and are there incubated. 

Fertilisation may be effected externally to the maternal parent, 
as, for instance, in Pecien, the dioecious species of Osiraea, Modio- 
laria, Dreissensta, Madra, Pholas, etc., and in all these forms artificial 
fertilisation is possible ; or it may be effected in the palHal cavity, 
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in the cloacal or suprabranchial chamber, as in Cardium and several 
other incubatory forms, or in the oviduct itself in Ostraea edulis. 

The formative pole of the ovum is opposite to the micropylar 
end. The segmentation is unequal from the first cleavage onwards. 
The macromere formed at the first cleavage is loaded with yolk 
granules and remains single for a long time, but gives rise to the 
three first groups of micromeres, which partly cover it as with a 
cap (Fig. 9, C). Finally, the macromere divides to form the endo- 
derm cells. The gastrula is rarely formed by invagination (Pisidiumy 
Ray Lankester), but in nearly all cases by epiboly, or sometimes 
by a process midway between the two, in which there is at first 
an epiboly resulting from the multiplication of the small ectodermic 
cells surrounding the single macromere, and finally an invagination 
after division of the macromere. This process is found in Ostraeay 
CydaSy and the Unionidae, and in the two last-named the segmenta- 
tion cavity is very large and the enteron small (Fig. 227). The 
blastopore remains open in some cases, e.g. in Ostraea, but closes in 
Cyclas, Fisidium, the Unionidae, Dreissensia, Teredo, etc. But the 
mouth and oesophagus are soon formed by a secondary ectodermic 
invagination at the point of closure of the blastopore. The yolk 
remains in connection with the dorsal surface of the enteron and is 
slowly absorbed. The endoderm gives rise to the stomach and the 
two liver lobes and to the intestine ; the liver lobes often display 
a marked asymmetry, the left lobe being larger than the right in 
MytUiis, Dreissensia, and Yoldia. The anal ectodermic invagination 
placing the intestine in communication with the exterior is gener- 
ally at the extreme posterior end of the embryo, is very short, and 
very late in appearance. The mesoderm originates, at an early 
period, from the most posterior of the four primary endoderm 
cells ; the resulting mesomeres take up a position between the 
ectoderm and endoderm in the form of two symmetrical mesoderm 
bands. 

In its general characters the development of the Lamelli- 
branchia conforms to the type observed in the other classes of 
the MoUusca, but a certain number of special features must be 
noted. (1) The shell- gland makes its appearance at an early 
period in the normal position; that is to say, at the formative 
pole, nearly opposite to the blastopore (Fig. 223, sk). It is single, 
like the shell-gland of all other Molluscs. During its extension it 
gives rise to a saddle-shaped cuticular pellicle, which becomes 
calcified at two symmetrical points, right and left of the middle 
line. These two centres of calcification eventually form the two 
valves of the shell, but, except in the Unionidae, they do not 
develop as fast as the subjacent lobes of the mantle. The two 
valves remain united by the median and dorsal part of the primitively 
single shell, and the ligament is formed at this line of union. 
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This cooditioR is reached during the veliger stage ; the shell, 
which is at first too small to contain the whole animal, is called 
the prodissoconch, and is characterised by ite two symmetrical 
valves with a simple linear hinge. After this stage a sudden 
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change is elfccted in the secretory activity of the mantle, and 
the embryonic shell or prodissoconch is often separated from the 
rest of the shell by a more or less projecting ridge, indicating 
this modification during growth (Fig. 196,^). (2) The velutn, which 
serves as the larval swimming organ, is a circular outgrowth with 
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L ciliated border, l^ing in front of the blastopore. It is never 
'Obed, and is often provided with a single central flE^ellum, t.g. 
in Yddia (Fig 225 an) the Mytilidae, Drmsmsia (Fig. 224, /X 
Goiriium, M(mla4nUa Enlm, ilva Maclra, and Teredo, but there ia no 
flagellum in Pecten, Ostraea Avtcula, Pkolas, Nucuta, and the 
Unionidae ; it is very much reduced in the incubatory species and 
quite nul in Pistdtum As will be explained further on, the velum 
may be turned back m such a manner as to cover and adhere to 
the whole body of the larva, thus giving rise to the "testaceous" 
Wvae peculiar to the Nucubdae (3) In almost all Lamellibranchs 
aa important invagination is formed near the posterior extremity 
of the foot: this is the byssogenous cavity (Fig. 324, by), which ia 
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formed even in species devoid of a byssua in the adult state. In 
Cyctas, for instance, there is a larval byssus by which the embryo 
attaches itself to the incubatory branchial cavity. (4) In the middle 
of the velar area there is an apical plate formed by an ectodermic 
thickening, from which the paired cerebral ganglia originate. In 
Yoldia each cerebral ganglion is formed from a deep tubular 
invi^ination, and similarly in Dreissensia an apical fossa grows in 
from the apical plate, and the cerebral centres are formed from 
its deeper part. The pedal centres arise from ectodermic 
thickenings between the larval mouth and anus (Fig. 224, ot). The 
pleural ganglia are distinct from the cerebral during larval life, in 
Dreissensia, Mod,iolaTia,_Lasaea, and Teredo, at any rate. Two larval 
eyes with cuticular lenses occur in many forms, on either side the 



\ 



248 THE LAMELLIBRANCHIA 

velum, at the base of the first internal branchial filament, but their 
persistence has not been demonstrated except in the Mytilidae and 
AviaUa (Fig. 236, e). On either side of the pedal centres an 
ectodermic invagination gives rise to an otocyst; the invagina- 
tions close up in most cases, but remain open in Nucula and 
Myiilus. The apical portion of the velar area gives rise to the 
labial palps. (5) In all groups of the Lamellibranchia (Nuculidae, 
Mytilidae, Avicula^ Ostraea,Fig. 192, ^, Dreissensia, EntovalvayFisidium, 
Anadonta, Fig. 228, 6r, etc.), the branchiae originate in the form of 
filaments, which develop one by one from behind forwards, at the 
posterior part of the body, on the right and left sides, between the 
mantle and the visceral mass. The filaments of the internal gill- 
plate are the first to be formed, afterwards those of the external 
gill-plate : it is only at a late period that the filaments are reflected 
and unite with one another. (6) Two larval kidneys have been 
found in several groups (Dreissensia, Cyclas, Teredo), in the form of 
small organs of ectodermic origin, situated on either side of the 
anterior end of the larva, behind the velum, and opening to the 
exterior by their hinder ends (Fig. 224, re). Each organ consists 
of two cells {Dreisseima), of which one is deep and ciliated, the other 
is tubular, with an intra-cellular canal leading from the flagellum of 
the deeper cell to the external orifice. (7) In the trochosphere or 
veliger larva provided with a bivalve shell, the anterior adductor 
muscle is the first to be developed, as may be seen in Nucula, the 
Mytilidae, Ostraea, Fecten, Lasaea, Entovalva, Dreissensia, Fisidium, 
the Unionidae, Cardium, etc. In considering the evolution of the 
larva one must distinguish between two quite different modes 
of development, one of which may be called the normal mode, 
while the other is characterised by the parasitism of the larva 
and subsequent metamorphoses (Unionidae). In the first mode 
one may further distinguish a development through a veliger 
larva, which occurs in most Lamellibranchs, and a development 
through testaceous larvae, characteristic of the Nuculidae. In the 
development with a veliger stage, the larva may be free, as is 
the case in many marine forms and in the freshwater Dreissensia, 
or it may be retained and incubated in the gills, as in Cydas, 
Kellya, Teredo, etc. When the larva leads a free existence its velum 
is always rather prominent (Fig. 224, v), but when it is retained 
and incubated by the parent the velum is reduced or sometimes 
disappears altogether {Cydas, Unionidae, Entovalva), When the 
velum is absorbed the foot becomes highly developed, even in 
such foims as become sedentary and fixed in after life, such as 
Feden, Avicula, etc., unless indeed they attach themselves at a 
very early period. 

In the Nuculidae, which have test -larvae, we find that in 
Yoldia and Nucula proxima the ova are set free in the water 
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and the larva is free-swimming. But in Nvatla del^hinodonia the 
female constructs a thin-walled mucoid egg-case, attached, to the 
posterior portion of the ehell and in communication with the 
pallial chamber : into this case the ova are passed as soon as they 
are laid, and undergo their development. In Y(dSia and Nucula 
proxima a gastnila ia formed hy epiboly and then the greater 
part of the ectoderm gives rise to a " test," which is really a 
ciliated velum formed in a normal position at the apical pole, 
but reflected in auch a manner as to completely cover the former 
eclodermic surface of the body — viz. the shell-gland, etc. — leaving 
only a small opening opposite to the apical plate, in which the 
etomodaeum and eventually the proctodaeum are formed (Fig. 16). 
The test consists of five rowa of flattened ceila, the three median 
rows bearing circleta of long cilia (Fig. 225). A long ciliated 
flagellum, like that of many Lamellibranch larvae, is borne in the 




centre of the apical plate. When the larval development is com- 
pleted, the test, with its stalk and apical plate, is stripped off and 
cast away within the space of a few minutes (Fig. 226) ; the apical 
cilia shrivelling up and the test cells breaking apart and frequently 
falling to pieces at once. In the larva of Nucula ddphi-mdmtta the 
test is covered with short diffuse cilia, there is no flagellum, and 
the disruption and casting off of the test occupiea several hours, 
the parts near the apical plate being the last to disappear. The 
testaceous larvae of the T^uculidae should be compared with the 
larvae of DetUalium (Fig. 15) and of Myzomenia (Fig. 17). 

A development with secondary metamorphosis, acquired in the 
course of ontogeny, is pecuhar to the Unionidae. In this family 
tbe eggs are laid in spring or summer, and on leaving the genital 
orifice pass into the interlamellar space of the internal gill-plate ; 
thence into the interlamellar apace of the outer gill-plate by way 
of tbe posterior extremity of the gill, where the two spaces com- 



THE LAMELLIBRANCHIA 



municate with one another behind the branchial axle. In the 
European Unionidae the eggs are incubated and pass through the 
earlier stages of their development m the outer gill plate (aee above, 
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p. 236, for an account of the segmentation and endodermic invagi- 
nation, Fig. 237, II). In CasMia, ArcoTima, Pseudodon, etc., the egga 
are incubated in the internal gill-plate, and in Quadnda, Schisto- 
desma, Gibbosvla, and Ouneopsis both gill-plates are used for 
incubation. The shell-gland, as soon as it is formed, produces a 
shell which grows as fast as the mantle, and 
ia provided with a large anterior adductor 
'f~ muscle {Fig. 237, I). A ciliated disc, corre- 
sponding to the ciliated postanal surface of 
Drdssemia (Fig, 334, p.a.c), is formed behind 
the blastopore and causes the embryo to 
rotate in the egg-shell (Fig. 227). These 
first phases of development take about two 
Embjro or Anodmta, left, months for their accomplishment, and in 
S.^moMiol'u'ijSmS^rei European Unionidae the embryos hibernate 
IV 'rtSr^Sfter oett*)'*''* ' ^" ^^^ interlamellar space without undergoing 
any appreciable structural modification. In 
the following spring they are hatched out, and escape through 
the dorsal or anal pallial aperture in the form of a peculiar larva 




THE LAMELLIBRANCHIA 



tailed a " glochidium " (Fig. 228). This larva is characterised by 

tie possession of hooke in the middle of the lateral borders of its 
valves and by its larval byssua — which is not homologous with that 
of other Lamellibranchs. This byssus appears to issue from, but 
in reality winds round, the adductor muscle, and originates from a 
angle glandular epithelial cell, deeply embedded in the tissues on 




'^"fcwji.t ; b, ■ 



AiVKluAta ; both figures ispreaeiLl the " glochidium " ata™. 

iro dentiKerous valvei widely open. &, h Inter aUge, Hfter 
.m/Bnd ad, i-oterior adiluctor muBule t oZi HliineatBrf cabu ; au.p, 
La ; ^, byaaus;/ foot; Ttf^ nuiitle.flap ; p.cuf, poaterloTflcldiintor ^ 



'*^b doreal and anterior side of the inuscla The glochidia swim 
^.^tively by clapping together the valves of the shell, and eventually 
^Jtach themselves to the gills or fins of a fish, and become encysted 
i-n consequence of a pathological development of the epithelium of 
their host. This parasitic existence lasts for a period varying from 
%VQ to six weeks, during which the glochidia are nourished by the 
«pidennic elements of their host, absorbing them by means of the 
«ctodermic cells of the embryonic mantle. During this time most of 
the definite organs of the adult, the 
foot, otocysts, gills, etc, which were 
not required in larval life, are de- 
veloped, largely as the result of the 
proliferation of the cells of two sym- 
metrical cavities situated behind the 
adductor muscle. In a general way 
the development of the organs follows 
the normal course, but some — the 
borders of the mantle, for instance — 
are formed anew. The glochidium 

iii. . .n-1. -. ji 1 Parasitic Larva of ^ROdonlA on ths 

shell IS not cast off but persists, though <>iglith day orpBia>'itic life ; ventiBl view. 

it undergoes a considerable change otf'oiocyBL'"(Afw*achi«ilo"iM')'°"'*'*' 
of shape. The posterior ciliated shield 

and the byssus disappear. During the early part of the parasitic 
life the mouth acquires an opening into the previously closed 
endodennic cavity or arehenteron, but the anus is not formed till 
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the close of parasitic life, and its formation is not accompanied 
by a sensible ectodermic invagination. When the young TJnio quits 
its host its evolution is not complete. The gills continue to grow 
slowly, their external plates not being developed until the third 
year, and sexual maturity is not attained until the fifth year, but 
growth continues for some time after. 

IV. Bionomics and Distribution. 

All the Lamellibranchia are aquatic. The great majority are 
marine, but some few families have penetrated into fresh waters. 
All the members of the class feed upon microscopic organisms, 
chiefly Diatomaceae and other low forms of plant life. Only the 
Septibranchia and some other abyssal forms are truly carnivorous. 

In general, the Lamellibranchs are burrowing forms, living 
half-buried in muddy or sandy bottoms, and in this case their 
plane of symmetry is vertical. But many forms are completely 
sedentary and are fixed by the byssus, or in a more definitive 
manner, by the shell itself, as is the case in Spondylus, Ostraea, 
Aetheria, Myochama, etc. In these genera the plane of symmetry 
becomes horizontal, and the animal usually lies on the right side, 
e.g. Pinna, HinniUs, Spondylus, Flicatula, Anomia, and the Eudistae ; 
more rarely on the left side as in Ostraea, Bequienia, and Chamm 
generally. Some Lamellibranchs live in holes which they excavate 
either in wood, as in the case of Teredo, or in stone, as LUhodomus, 
Saosicava, Pholas, Clavagella, etc., or even in the shells of other 
Molluscs. LUhodomus is only found in calcareous rocks, and bores 
its hole by the aid of the acid secretion of glands situated in the 
antero-dorsal and postero-dorsal regions of the mantle. 

Some Lamellibranchs, such as Lima, are nidamentous, and 
construct a nest by means of the byssus. Lima hians builds its 
nest in the space of three weeks, and may afterwards return and 
reconstruct another from it. Modiolaria marmorata and Entodesma 
cimeatum pass their existence deeply buried in the tests of 
Ascidians, and Vulsella lives in a similar manner in sponges ; but 
the few commensalistic or parasitic forms generally live on or in 
Echinoderms : thus Montacuta lives on Spatangids, Scioberetia in 
the incubatory pouch of an Asterid, Entovalva in the oesophagus of 
a Synapta. On the other hand, Ephippodonta is commensal with a 
prawn, and certain species of Lepton with Gehia. 

Only a few species are very active : Tellina, Yoldia, etc., execute 
leaping movements by forcibly contracting the foot ; Lasaea, Cyclas, 
etc., crawl on immersed bodies or on the surface of the water; 
other forms, notably the Pectinidae and Limidae, swim by rapidly 
opening and closing the valves of the shell; and some elongated 
forms in which the mantle edges are fused for a considerable 
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extent swim by forcibly expelling water from the posterior aperture 
of the mantle (Sden, Solenomya), 

In point of size the Lamellibranchs vary from a length of a few 
millimetres to more than seventy centimetres {Pinna and Tridacnct, 
some specimens of the latter genus weighing as much as 310 lbs.). 
The fossil Hippwriles attained to the length of a metre. 

There are more than 5000 living species of Lamellibranchia, of 
which 1000 are Unionidae. They are distributed all over the 
world, and some marine forms extend to a depth of 2700 fathoms. 
Fossil forms appear in the Cambrian, and become very numerous 
in species from the Silurian onwards. Some large groups, such as 
the Palaeoconcha of the primary and the Eudistae of the secondary 
deposits, are quite extinct. 

V. Review of the Orders and Families of Lamellibranchia. 

The classification of this homogeneous group has long presented 
great difficulties, for the different organs or apparatus, such as shell, 
muscles, siphons, etc., that have successively been employed as 
bases of classification, have not given satisfactory results. 

Ray Lankester was the first to suggest (in 1884) that the 
structure of the gills might furnish characters of classificatory 
value, and the present writer has constructed on this basis a 
phylogenetic classification in which the class is divided into five 
groups. This classification has put various families, such as the 
Anomiidae, Trigoniidae, Dreissensiidae, etc., into their proper 
places, and has been largely adopted. Objections to it have, 
however, been raised, notably by Dall, who has urged that the 
genera Eudroa (Anatinacea) and Callocardia (or Vesicomya, 
Cyprinidae) have protobranchiate gills, and that the system of 
classification according to branchial characters is consequently 
without foundation. But the recent investigations of Ridewood, 
undertaken at the instance of Ray Lankester, have shown that 
it was the objections of Dall that had no foundation : Euciroa and 
Callocardia have typical eulamellibranchiate gills. 

As the result of the advancement of our knowledge, the 
classification of the Lamellibranchia founded on the structure of 
the gills has been ameliorated by the suppression of the order 
" Pseudolamellibranchia," and the two diphyletic sub-orders which 
it included, the Pectinacea and the Ostraeacea, may be respectively 
located in the Filibranchia and the Eulamellibranchia, thus making 
these two old-established orders correspond to the new orders 
proposed by Ridewood under the names Eleutherorhabda and 
Synaptorhabda. 

On the other hand, the shell (and particularly its hinge) is the 
only other organ that has been retained as a basis of the general 
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classification of the Lamellibranchia, especially by palaeontologists, 
and the subdivisions adopted in this system correspond more or 
less with those based on the structure of the respiratory organs. 
Thus the following are very nearly synonymous terms : — 

Prionodesmacea = Protobranchia + Filibranchia. 
Teleodesmacea = Eulamellibranchia - Anatinacea. 
Anomalodesmacea = Septibranchia + Anatinacea. 

As regards the value of the last order, Septibranchia, in it the 
characteristic organs that have given the name to the whole class 
Lamellibranchia are so profoundly modified, that they differ much 
more from all the other different kinds of gills than the latter differ 
from one another, and therefore, even if the Septibranchia should 
not be placed in contrast to* all other Lamellibranchia, they at 
least constitute a group equivalent to the three other groups, 
Protobranchia, Filibranchia, and Eulamellibranchia. 

Thus the Lamellibranchs are divisible into these four orders. 
It will be remarked that the numerous studies on the organisation 
of Lamellibranchia made since 1891, have shown that there has 
been a progressive evolution in each of these four orders, and that 
consequently such important organs as the heart, kidneys, and 
otocysts may exhibit marked differences in relatively nearly related 
types, and that no strictly pure primitive types have been retained. 

From the point of view of phylogeny the most archaic 
Lamellibranchia are those in which the foot has a " plantar " ventral 
surface like that of Gastropoda and Pulsdlum among the Scaphopoda. 
These archaic forms constitute the Protobranchia (Solenomyay Fig. 
230, Yoldia, Fig. 231, etc.), in which the gonads still retain openings 
into the initial or pericardial portion of the kidneys, and the 
branchial filaments are free and not reflected. From these Proto- 
branchia are derived the Filibranchia, whose branchial filaments 
are reflected, but are still devoid of vascular junctions : these in 
turn have given rise to the Eulamellibranchia, which are more 
specialised in respect of the complication of the ctenidia. Finally, 
eulamellibranchiate forms analogous to the Anatinacea represent 
the source from which the Septibranchia have been derived. 

Order 1. Protobranchia. 

These are Lamellibranchia whose distinctive character is the 
possession of gills with flat and non-reflected filaments disposed in 
two rows on opposite sides of the branchial axis (Fig. 206, A, B). 
The mantle is provided with a hypobranchial gland lying on the 
outer side of each gill. The foot has a plantar ventral surface (Fig. 
230, /) and the byssogenous apparatus is but slightly developed. 
The nervous system generally presents a distinct pair of pleural 




THE LAMELLIBEANCHIA 2S5 

guigba, and the otocjsta are generally open The gat may be pro 
vided with a relic of the pharyngeal cavity which in some caaes is 
fumiBhed with two lateral glandular sacs The auncles of the 
heart are muscular the kidneys are rather simple in structure and 
glandular throughout their extent The sexes are separate the 
gonads have retained their pnmitii p communications with the initial 
or internal extremities of the kidneys but as the two branches of 
each kidney have acquired a secondary communication at their 
antenor ends, the genital products pass direct to the external 
oniice of the kidney by this passage (Fig 213) 




Adnlt BpBCiioen of yoldin iimoiula, repreaentBd as awn from Uie right side, and ahowinK the 
Internal omna. a.a, anterior Adductor muacle ; Q./.ni, anterior foot muscle; h.ff, bvHBal gland \ 
dffj ceifibraJ ganglion ; t.i, eihalanb aiphon ; /, foot ; g. gill ; h. b«ut : int, tnls^aae i i.a, in- 
liilut alpbon; l.p, laiial palp; ot, otocyst: p.a, poatirior addnctof mnsclo; pup, palp 
appendage; p.e, poeterior expansion of the niarglD of the mantle; pj.tn, posterior foot muaole; 
JL^, pedal gangLloD ; j.(, aiphonal tentacle ; tto, sbttmnch ; v^g. visceral gangJion. (Aft«r Dren.) 

Family 1. Solenomyidab, Gray. In the gills one row of branchial 
filaments is directed dorsally and the other ventrally (Fig. 231, g). The 
mantle has a long postero-ventrid suture, and a single posterior orifice. 
The labial palps of each side are fused together. The shell is elongate ; 
the hinge has no teeth ; the periostracum la thick. Genus — Solenomya, 
Latnatck. Family 2. Nuculidae, Gray. The labial palps free, very 
broad and provided with a posterior append:^ ; all the bianchial 
filaments are oriented transversely ; the shell has an angular dorsal 
border and the hinge is pliodont ; the mantle is open throughout its 
extent Genera — N-ucula, Lamarck ; the heart situated on the dorsal 
side of the rectum. Acila, Adams (Crelaeeous, Tertiary, and Recent). 
Pnmucvla, Hedley. Family 3. Ledidae, Adams. The same characters 
as the Nuculidae, but the mantle has two posterior sutures and two 
united siphons ; the heart traversed by the rectum. Genera— Xeia, 
Schumacher ; the mantle borders produced posteriorly into two lobes 
which simulate a third siphon. Voldia, Mijller ; siphons elongate ; 
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ligament internal (Piga. 200, 230). Mail^ia,, Dea Mouliua ; the ligament 
extemaL Nuculina, d'Orbigny. Famu/s i. Ctbnodontidae^ Wohr- 
manu. An extinct family from the Silurian ; the ehell is nuculiform 
and the hinge presents an uninterrupted arcuate row of teeth. Genera — 
Ctawdonia, Salter. CucuUlla, Fischer. Gardiolaria, Meunier-Chalmas. 

The fossil group Palaeoconcha, Neumajr, ia connected with the 
Protobtanchia through the Solenomyidae. It contains the following 
familiea, all of which are extinct : — Family 1. Frabcardiidab, Neumajr 
Shell equivalve, with the hinge dentition of Area. Genus — Praecardium, 
Barrande ; from the Silurian and Devonian. Fauilv 2. Antiplbubisae, 
Neumayr. Shell inequivalTe ; the hinge with an obscure resemblance to 
that of Area. Qenus — AnUplmifa, Barrande ; from the Silurian. 
Famili 3. Cardiolidab, Neumayr. Shell equivalve and ventricose ; the 
hi:^ without teeth. Genus — Cardida, Broderip ; from the Silurian and 
Devonian. Fauilt 4. Grauuybiidae, Fischer. Shell thin, equivalve. 




and poBtorior foot ro 



HI ; /, foot ; f.e, Itoot elevaUir ; f.p, 10 
IT ; g, right gfll ; hy.g, hypobisncniBl gj 
m 1 p.g, pedal gBiiglkiD ; p.l, pip appen 



protractor ; fr', fr^, (ii 
lage ; ^.g, plauml ^i 



oval, or eloi^te, the cardinal border thickened but without teeth. 
Genera — Qrammygia, Vemeuil ; from the Silurian and Devonian. 
ProUimya, Hall, from the Devonian. Oardiomorpha, de Koninck ; :^nt 
the Silurian to the Carboniferoua. Family 5. Vlastidae, Neumayi. 
Shell thin, very inequivalve, the hinge without teeth. Genus — Vlcuta, 
Barrande; from the Silurian, Fahilx 6. iSoLBBOPBiHAB, Neumayr. Shell 
equi valve, thin, greatly elongated, the umbonea very far forward. 
Genus — Solenopsis, MacCoy, from the Devonian to the Trias. 



Order 2. Filibraucbta. 

These are Lamellibranchs whose maiu character ia the poesesBion 

of gills formed of parallel, ventrally directed, and reflected filaments. 
The Buccessive filaments are joined together by cilia disposed in 
"ciliated discs" (Figs. 210, A ; 232, i./.j). The foot is generally 
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provided with a highly developed byasogenous apparatus. The 
order comprisee five siib-ordere — the Anomiacea, Arcaeea, Mytilacea, 
Pectinacea, Dimyacea. 



Sub-Order 1. Ahomiacba. 

Very asymmetrical animab with a single lai^ posterior adductor 
muBcle. The heart is not contained in the pericardium, lies dorsad of the 




AportlonoftheKtllof Mrf; * Hliowint thf flliimBiitt ._ 

afrenDCbrancbtilvsBwl ebc etrereni bisnchUl veiHel O Intw 
».;j, intsrlniLellKr oonnecUie tissue Juncttui (Aflet Bunnel ) 



rectum, projects into the pallial cavity, and gives off a single 1 
aorta. The reflected borders of the inner gill-plates of either side are 
fused together in the middle line. The gonads open into the kidneys, 
and the right gonad extends into the mantle. The shell is thin and the 
animal fixed. 

Family Anomiidab, Adams. Foot smalt. The inferior (right) valve 
of die adult is perforated to admit of the passage of the byssus. Genera 
— Awrma, Linnaeus ; byssus lai^ and calcified ; BritisL Plaearvi, 
Bruguifere ; byssus atrophied in the adult Hypoirmna, d'Orbigny. 
QoFOJia, Ca&traine. Ephippitim, Bolteu. Ptaewianomia, Brodetip. 

17 
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Sub-Order 2. Arcacea. 

Symmetrical animals, with the mantle open throughout its extent^ 
and with generally well -developed anterior and posterior adductor 
muscles. The heart lies in the pericardium and gives off two aortae. 
The gills are free and without interlamellar junctions. The renal and 
genital orifices are separate. 

Family 1. Arcidae, Gray. The borders of the mantle bear com- 
pound pallial eyes. The labial palps are direct continuations of the lips 
(Fig. 199). The hinge is "pliodont," that is to say, it has numerous 
teeth on either side of the umbones, and the teeth are perpendicular to 
the edge. Genera — Arca^ Linnaeus ; foot byssiferous ; heart above the 
rectum ; hinge straight (Figs. 188, 199) ; British. FeduruivXui^ Lamarck ; 
foot without byssus, but with a plantar surface ; the heart traversed by 
the rectum ; the hinge curved ; British (Fig. 193, A). Scaphula, Benson ; 
from fresh water ; India. Argina, Gray. Bathyarca, Kobelt. Barhatiay 
Gray. Senilia, Gray. Anadara, Gray. Adacnarca, Pelseneer. Family 2. 
Parallelodontidae, DalL The shell of Area, but with the posterior 
hinge teeth elongated and parallel to the cardinal border. Geuera^ — 
Oucullaea, Lamarck ; recent and fossil from the Jurassic. All the other 
genera are fossil, e.g. Parallelodon, Meek and Worthen ; from the Devonian 
to the Tertiary. Garbonaria, Meek and Worthen ; from the Carboniferous, 
etc. Family 3. Limopsidae, Dall. Shell sub-orbicular, the hinge curved, 

the ligament simple with the trans- 
verse axis longer than the longitudinal ; 
foot elongate, pointed anteriorly and 
posteriorly. Genera — Limopds, Sassi ; 
shell covered with a hairy epidermis ; 
the anterior adductor frequently much 
reduced (Fig. 233). Trinacria, Mayer ; 
from the Tertiary. Family 4. Philo- 
bryidae, Bernard. The animal, like 
that of Limopsis, without jvn anterior 
adductor muscle ; the shell thin, very 
inequilateral, the anterior part atro- 
phied, the umbones projecting and 
formed by the prodissoconch. Genera 
Limopsi* io/isrtj)tZo»a, Pels., interior aspect — Philohrya, Carpenter (Figs. 196, 

of the right valve. a.a, anterior adductor 234). FaMILY 5. CyRTODONTIDAE, 
impression; Z, ligamentar fossa; p.ct, pos- ,-...^ . ^- ^ i? -i -V 

tenor adductor impression ;/, hinge-tooth. Wonrmann. An extinct lamily Wltn 

an equivalve short, convex and 
inequilateral shell, the anterior side of which is short ; the hinge teeth 
oblique or horizontal. Genera — Gyrtodontaj Billings ; Silurian and 
Devonian. Gypricardites, Conrad ; Silurian. VanuxemicL, BiUings ; 
Silurian. Family 6. Trigoniidae, Fleming. Foot elongated, pointed 
in front and behind, the ventral border sharp. The byssogenous 
apparatus atrophied and devoid of a byssus. The labial palps distinct 
from the lips. Shell thick. Hinge with striated teeth. Genera — 
Trigonia, Bruguiere ; shell sub-triangular, the umbones directed back- 
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warda. This geuiu wm verj abundant in the Secondarj epoch, potticnlarlj 

in JuraMic seaa. - There are Bix living species, all of which live in 

Australian eeaa. The animal of Trigonia was first found by Quoy and 

Oaimard in 18S7. Schv^ut, 

King ; from the Permian. Myo- 

pkoria, Btonn ; from the Trias. 

Family T. Ltbodebuidab, 

Ulrich. Shell inequilateral, the 

posterior aide being the ehorter. 

The hinge short, bearing teeth 

diapoeed in the shape of a fan. 

An extinct family, from the 

Silurian. Genus — Lyrodetma, 

Conrad. 



Sub-Ordeb 3, MrriLACEA. 

Symmetrical Lamellibronchia 
in which the anterior adductor 
muaole k always leas developed ,Lde'??£^ft^JK;to'rt™i«i!^,^pSwriOT 

than the posterior (the "aniso- iddiictor muBcle: oiuiinua; o«, «nricl8 of the 

myarian" condition) or is absent jfi°|i?'gJ;^?';.^''p.iiSi''ner"''li,'^™t'''^,' 

{Fig. 193, B, C, D, E). The manll«: j«J.l.bi«l pulp; rtp, rtp' anterior and 

i. \. ■ a ■ ^ 1 posterior retractor mnsclca of thn toot ; si, 

heart gives on a single vessel Ktomach ; ivn, ventrlcls or the heart. 

only, the anterior aorta. The 

gilla are smooth, the gill- filaments all alike and provided with inter- 
lamellar junctions. The gonads generally eitend into the mantle and 
open at the sides of the kidneys. The foot is linguiform and byssiferous. 
Family I. Mytilidae, d'Orbigny. Shell inequilateral, the anterior 
side being short ; the hinge witho\it teeth ; the ligament external. The 
mantle has a posterior suture. Cephalic eyes present. GeneTa^Mytiltis, 
Linnaeus ; the shell with terminal nmbonea ; British. Modiola, Lamarck ; 
the umbones behind the anterior extremity ; British. Lithodomvt, Cuvier ; 
the shell sub-cylindrical, adapted to boring. Modwlaria, Loven ; posterior 
pallial orifice provided wiUi an elongated siphon ; anterior adductor 
fairly high ; British. Crendla, Brown. Stavelia, Gray. Dacrydium, 
ToreU. Myrina, Adams. Idas, Jeffreys. Septifir, Recluz. Family 2. 
UoDiOLOPSiDAB, Fischer. Shell elongate, thin, inequilateral, enlai^ed 
posteriorly ; the ligament external ; the adductor muscles subequal. An 
extinct family from the Silurian to the Cretaceous. Genera — Modiolopiis, 
Hall ; from the Silurian. Modiomorpha, Hall ; from the Devonian. 
Myocondia, Sowerby ; from the Carboniferous to the Cretaceous. Fauily 
3. Pbrnidab, Fleming. Mantle open throughout No anterior addiietor 
moBcle. Shell very inequilateral ; the ligament multiple and lodged in a 
series of vertical fossae. Genera — Perna, Bruguiiirc. Shell sub-quod- 
langular, the right valve notched for the passage of the byssus ; gills free 
potteriorly. Orenatula, Lamarck ; shell tliin, flattened, irregular, without 
a hysaal notch ; inhabits sponges. BdkevielUa, King ; fossil from the 
Permian. GervUIMa, Defrance ; fossil from the Triaa to the Eocene, 
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Scb-Order 4. Pectihacba. 

Lamellibrancbia with an open mantle and devoid of an anterior 
adductor muscle. The gills are folded, and the filaments at the BummitB 
and hottoraB of the folds are different from the others. The gonads are 
contained in the vlBceral mass and generally open into the kidnejB. 
Foot usually Tudimentary. 




.._-,—- , i»l aspect, cr, anus ; e, pilIM eyas;/ foot; j, gill; \.a, posWrior 

eiige);p.c, pallialcavfty'; 'SlatiaTl; I, teBtJB. (After PolL) ' 

Fauilv 1. VuLBELLiDAB, Adams Mantle opeu ; foot without byasuB ; 
the shell liigh and the hinge without teeth. Genus — VviteUa, Lamarck. 
Family 2. Avicdlidae, Bwainson. Foot provided with a very atout 
byssus (Fig. 236). The gilU fused to the mantle ; shell very inequilateral ; 
the cardinal border straight, provided with two auriculae, of which the 
posterior is the longer. Genera — Aviciila, Bruguifere ; the auriculae of 
the shell very prominent ; heart attached to the ventral face of the 
rectum ; British ; fossil from the Devonian to the present day. 
Melmgrina, Lamarck ; shell sub -quadrangular, the auriculae not very 
prominent. A species of this genus, Meleagrina maTgariHfera, from 
the Indian Ocean, Persian Gulf, etc, forma precious pearls. Malleui, 
Lamarck ; shell irregular, high and narrow, with broad subequal 
auriculae. The following genera are exclusively fossil ;—Ljmoj)iem, 
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Hall ; Devonitm tmd CarbonUerouB. PatvAomimoiis^ Beyrick ; Devonian 

uid Cretaceous, Ctw«iatwi(a, Beyrich ; Trias. MomtU, Bronn ; Triaa. 

Dwndla, MojsisoTicB ; Trias. Pimdonomya, Bronn ; Silurian to Jurassic 
I Fault 3. Prasinidab, Stoliczka. Shell inequilateral with anterior 

umbones, and a prominent anterior auricula ; the doreal )>order arched ; 
the hinge with a single fossa and a single tubercule on each valve. 
Qenua — Prasina, Deshayea. Family 4. PiBRISEinAB, Gkildfuss, Shell 
thick, very inequilateral ; the cardinal border straight, with two auriculae 
sA a notch for the byssus under the right anterior auricula ; an extinct 
Ulj from the Palaeozoic. Geaen— Pterinea, Goldfues ; Silurian to 
Csiloniferona. Bhmnhopteria, Jackaon ; Silurian. Aiiinodxstaa, Sand- 




Lductor muscle ; h.gr^ bjasii] gnxn'B 
palp : m, mouth ; ju, maotk ; ih. 



; Devonian. Family B. Ldndlicabciidae, Fischer. Shell thin, 
''iai^;ular, very inequilateral, the anterior end truncated ; the umbones 
'^nninal ; the cardinal border straight ; without hinge teeth. An 
*»tinet family from the Silurian and Devonian. Genera— Zunui*- 
^ffrfium, Miinater ; Silurian and Devonian. PatTOcardium, Fischer ; 
Silurian. Bdbinka, Barrande ; Silurian. Family 6. Conocardiidae, 
Keomayr. Shell thick, aiibtrtangular, the anterior side truncated and 
K»png ; cardinal border straight and prolonged into two auriculae of 
*hich the anterior is very long and narrow ; hinge with a lateral tooth 
M>d a reduced cardinal tooth. Dimyarian. An extinct family from the 
Palaeozoic G«nus — GoaocaTdium, Bronn ; Silurian to Carbomferous. 
PiitiLT 7. .Amboktchiidab, Miller. Shell inequilateral, without an 
uterior aorieula, the umbones anterior and terminal ; hinge with two 
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cardinal teeth and two posterior oblique lateral teeth. Dimyarian, the 
anterior adductor being very smalL An extinct family from the Silurian 
and Devonian. Genera — Ambonychia, Hall; Silurian. Byssonychdaf 
Ulrich ; Silurian. Qosseletia, Barrois ; Devonian. Clionychiay Ulrich ; 
Silurian. Family 8. Myalinidae, Freeh. Shell very inequilateral, the 
posterior part greatly enlarged ; the umbones anterior or terminal ; the 
hinge straight, without teeth ; adductors subequaL An extinct family 
from the Silurian to the Cretaceous. Genera — Myalina^ de Koninck ; 
Silurian and Devonian. Hoplomytilus, Sandberger ; Devonian. Ptyduh 
desfmay Hall ; Devonian. Anthracoptera, Salter ; Carboniferous. Per- 
gamidea, Bittner ; Trias. Mysidea, Bittner ; Trias. Aucdla^ Kyser ; 
Jurassic and Cretaceous. Family 9. Amussiidae, Ridewood. Gills vdth- 
out interlamellar junctions. Shell orbicular, smooth externally, with 
radiating costae internally. Genus — Amumum, Klein. Family 10- 
Spondylidae, Fleming. Shell very inequivalve, fixed by the right valve, 
which is larger than the left The ligament elongated in a transversa 
direction. No byssus. Genera — SpondyluSy Linnaeus ; shell with spin5^ 
ribs, and adherent by the spines. Plicatula, Lamarck ; shell folded. ^ 
adherent by the umbo of the right valve. Family 11. Pectinidaes^ 
Lamarck. Shell ornamented with radiating ribs ; the dorsal border ^b:: 
provided with two auriculae. Foot byssiferous. Mantle borders prc^- 
vided with eyes (Fig. 235). Genera — Pecten^ Lamarck ; shell orbicula«^!*, 
with equal auriculae ; without a by seal sinus ; British. ClUamys, Boltei 
shell higher than it is long ; the anterior auricula the larger, and pi 
vided with a byssal sinus ; British. Pedurrij Brugui^re. Hinnit^s^ 
Defrance. Pseudcmiusmim, Adams. Gamptonectes, Agassiz. HyalopecU'W^, 
Verrill ; abyssal. 

Sub-Order 6. Dimyagea. 

Dimyarian Lamellibranchia with an orbicular and almost equilater*^ 
shell ; adherent ; the hinge without teeth and the ligament intem^skL 
Gills with free non-reflected filaments. 

Family Dimyidae, Dall ; with the characters of the sub-ord^r. 
Genus — Dimya, Ronault ; recent, in abyssal depths, and fossil since tlae 
Jurassic. 

Order 3. Eulamellibrancliia. 

Lamellibranchia in which the edges of the mantle are generaX^J 
united by one or two sutures (Figs. 221, 241, etc.). Two adduc*x>f 
muscles are usually present (Figs. 238, 241, 242, etc.). In the gi'^ 
the branchial filaments are united at regular intervals by vascul^ 
junctions which transform the linear interfilamentar spaces into & 
series of fenestrae (Fig. 237). Similarly the lamellae of each giff- 
plate have vascular junctions which form aflFerent vessels in the 
interior of the plates. The gonads always have their own proper 
external orifices. The order comprises the following nine sub-orders ; 
— Ostraeacea, Submytilacea, Tellinacea, Veneracea, Cardiacea, 
Chamacea, Myacea, Adesmacea, Anatinacea. 
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Suborder 1. Osirax&csa. 

Monomfarian Eulamellibrancbia, or with a very small anterior 
adductor muacle. The mantle is open ; the foot rather small ; the 
branchiae folded ; the shell inequivalve. 

Faioly 1, LiHiBiK, D'Orbigny. Foot digitiform, with a byeso- 
genous apparatus. Borders of the mantle provided with long and 
numerous tentacles. Gills not united with the mantle. Shell pro- 
vided with auriculae. Qeuera — lAmwi, Bruguiire ; the individuals of 
this genus form a sort of nest bv means of the byssus, or swim by 




clapping the valves of the shell together. Linnua, Broim. Fakily 2. 
OsTRBiDAB, Gray. Foot ranch reduced and devoid of a. bysaus. Heart 
generally on the ventral side of the rectum. The gills fused to the 
mantle. Shell irregular, fixed by the left and larger valve. Qenera — 
Ottraea, Linnaeua ; foot absent in the adult ; eatable and cultivated for 
commerce ; some species, such aa the Britiah 0. tdulii, are hermaphrodite. 
Familt 3. Eliquidak, Gill. Shell thick, inequilateral, the anterior aide 
being the shorter. Monomyarian, with the muscular impression on a 
prominent myophoroua apophyaia. Genus — Eligmm, Dealongchamps ; 
an extinct genus from the Jurassic. Familt 4. Pinnidae, Meek. 
Shell elongated. Dimyarian, with a very small anterior adductor 
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muscle. Shell truncated and gaping posteriorly. Foot byssiferous. 
Genera — Pinruij Linnaeus ; heart traversed by the intestine ; anus pro- 
jecting and appendiculated. Gyrtopinna^ Morch. Aviadopinna, Meek ; 
fossil from the Carboniferous and Permian. Pinnigena, de Saussure ; 
fossil from the Jurassic and Cretaceous. Atrina, Gray ; from the Car- 
boniferous to the present day. 

Sub-Order 2. Submytilacea. 

Eulamellibranchia in which the mantle is only slightly closed; 
generally there is only a single suture. Siphons al^ent or very short 
Gills smooth. Nearly always dimyarian. Shell equivalve, with an 
external ligament 

Family 1. Drkissbnsiidab, Gray. Two pallial sutures and two 
short siphons ; pedal orifice short. Foot cylindrical with a stout byssus. 
Shell elongated ; the hinge without teeth ; the summits of the valvea 
with an internal septum. Genus — Dretssensia, van Beneden ; an in- 
habitant of fresh water, but originated from the Caspian Sea ; acclimatised^ 
in England about 1824. Family 2. Modiolargidae, Gray. Mantl 
with two sutures. The foot byssiferous, with a plantar suiface and 
glandular cavity in front of the byssogenous cavity. The two branchia 
plates serve as incubatory pouches. Gtenus — Modiolarca, Gray ; sub 
antarctic (Fig. 241). Family 3. Astartidab, d'Orbigny. A singl 
pallial suture. Foot elongate, without a byssus. Shell concentricall 
striated ; the ligament external. Gtenera — AstaHe, Sowerby ; British 
JFoodia, Deshayes. Opts, Defrance ; fossil from the Secondary. Pre 
socoeltis, Keferstein ; fossil from the Devonian. Family 4. Crassateludaj 
Gray. Mantle with a single suture ; foot short Shell thick wit! 
concentric striae ; the ligament external. Genera — Grassatella, Lamarcl 
Cuna, Hedley. Family 6* Carditidae, F^russac. Mantle with a singl_ -e 
pallial suture ; foot carinated, often byssiferous ; palps short Shel^fci 
thick with radiating costae ; the ligament externaL Genera — CardUc^^^ 
Bruguiere. TheccUia, Adams. MUneria, Dall ; incubatory, California 
Venericardia, Lamarck. Family 6. Condylocardiidae, Bernard. Dii 
tinguished from the family Carditidae by the presence of an eztemt 
ligament. Genera — Gondylocardia^ Bernard. Garditella, Smith. Carc^—^ 
topsisy Smith. Family 7. Cyprinidae, d'Orbigny. Mantle open ■ — n 
front, and with two pallial sutures. The branchial and anal orific^^ss 
papillose, the latter projecting. External gill -plates smaller than tt==»e 
internal. Genera — Gyprina, Lamarck ; British. Gypricardia, Lamarc^K^- 
CoralHophaga, de Blainville. Pleurophorus, King ; fossil from tfc^e 
Devonian to the Trias. Anisocardia, Munier-Chalmas ; fossil frc^-«2 
the Jurassic to the Tertiary. Veniella, /Stoliczka ; fossil from the Cmre- 
taceous to the Tertiary. Family 8. Isocardiidae, Gray. Man^Je 
largely closed, the pedal orifice generally small ; the anal and branchial 
orifices sessile ; gill-plates of equal size ; foot short. Shell globular with 
prominent and coiled umbones. Genus — Isocardia, Lamarck ; Britisl}. 
Family 9. Callocardiidae, Dall. The anal and branchial orifices of 
the mantle provided with siphons. The external gill-plate smaller than 
the internal. Shell ventricose, but elongated ; the umbones not promi- 
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ne&t. Qenus — Oaliocurdia, Adams ; abywal. Fauily 10. Lvcihidau, 
d'Orbiguy. The anal orifice of the mantle sometimes produced into a 
siphon. Anterior adductor muscle within the pallial line. Labial palps 
very small. Gills without an external plate Shell rather thm Genera 
— Lttcina, Brugiiiere ; mantle with two sutures , visceral maes smooth ; 
foot vermiform ; British. Montarvta, Turton , shell with a single suture, 
foot short, byssiferouH ; visceral mass with arborescent projections ; 
BritJsh. Cryptodon, Turton ; mantle with a single aperture , foot short ; 
visceral mass smooth. Fauily 1 1 . Corbidab, DalL Shel^ thick with 
denticulated borders. The anal orifice provided with a valve, btit not 
with a siphon. Foot elongated 
and pointed. Genera — Corbis, 
Cuvier. Ooaodon, Schafhautl ; 
foeail from the Trias and Juras- 
sic. MuiUlla, Stoliczka ; fossil 
from the superior Cretaceous. 



Famii 



12. Un 




A:ATiva fitxaoiMX, Montagu, viewed tnrn the left 

.ilJoii'Dr"the'mBauJ'; III, faot; iv.gonid pro- 
^tlng Into the pallioi csvity; V, inlamal plHte 
thegill; Vir, pcHtoriorBdductormuMle: Vlll, 
cUmj ; IX, poaUrlor retncUr of the foot ; X, 



Adams. Mantle without siphons ; 
the pedal orifice long. Foot 
greatly elongated, vermiform, 
ending in a glandular enlarge- 
ment (Fig. 236, III). Anterior 
adductor muscle in contact with 
the pallia) line. Gills with two 
plates ; labial palps small. Marine. 
Genera — UttguUna, Daudin ; 
mantle with a single suture ; vis- 
ceral mass smooth. Diplodonta, 
Bronn ; mantle with two sutures ; 
British. Axinut, Sowerby ; mantle 
with a single suture ; visceral mass 
with arborescent excrescences (Fig. 

238); British. Family 13. Gyres rlli da E, Fischer. Mantle provided 
with two elongated, united, non- retractile siphons. Two gill-plates to 
each gill ; labial palps elongated. Inhabitants of fresh water. Genera — 
Oyrendia, Deshayea. Joanitiella, Dall. Family 14, Tancrbdiidab, 
Fischer. Shell elongate, sub-triangular ; the ligament external. Hinge 
with two cardinal teeth on the right and one or two on the left valve. 
PoBterior lateral teeth stout. An extinct family ranging from the Trias 
to the Cretaceous. Genera — Tcmcredia, Lycett ; Trias to Cretaceous. 
Medna, Oabb ; Cretaceous. Family 15. UiiiCAHt>iinAE, Fischer. Shell 
sub-orbicular, more or less ventricose, nearly equilateral, with concentric 
Striae ; pallial hne simple ; hinge with a single cardinal tooth ou each 
valve. An extinct family ranging from the Carboniferous to the Gre- 
taceouB. Genera— r/nicardium, d'Orbigny ; Trias to Cretaceous. Scoldia, 
de Ryckholt ; Carboniferous. Pseudedmotjdia, Fischer ; Carboniferous. 
Family 16. Leptonidae, Gray. Shell thin, not covered by the mantle 
and not gaping. Mantle withoutsiphons; gills with two gill-plates ; foot 
long and byssiferoua Marine, hermaphrodite and incubatory animals. 
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Genera — Kellya, Turton ; mantle with two satures and three orifices, the 
pedal orifice being the middle and not the anterior of the three (Fig. 187) ; 
foot linguiform ; the external gill-plate with a reflected lamella ; British. 
Lepton, Turton; mantle with a single suture ; the mantle edges provided 
with tentacles ; foot with a plantar ventral surface ; commensal ; British. 
Lasaeoy Leach ; a single pallial suture ; the foot linguiform and elongated ; 
the external gill -plate not reflected (Fig. 206, G); British. Erycina, 
Lamarck ; fossil from the Tertiary. Pythina, Hinds. Scacchia^ PhilippL 
Sportelloj Deshajes. Gyamiuniy Philippi. Family 17. GaleoHMIDAB, 
Gray. Mantle more or less completely reflected over the shell Foot 
well developed, generally byssiferous. Shell thin, gaping ; the adductor 
muscles much reduced. Genera — Gakomma, Turton ; shell incompletely 
covered by the mantle ; a single pallial suture ; a large azygos anterior 
pallial tentacle, and a short anal siphon present. A byssal groove in the 
foot ; British. Scintilla, Deshayes. Hindsiella., Stoliczka. Ephippo- 
donta, Tate ; shell internal ; a single pallial suture ; gills with two gill- 
plates; commensal with the shrimj> 
Axius ; Australian. The three following 
genera with an internal shell probabl 
belong to this family : — Chlamydoconchcc^ 
Dall; two gill-plates; a pallial suture 
an anterior orifice leading into a caecum 
no adductor muscles ; sexes separate^ 
from California (Fig. 239). Sciohereti 
Bernard ; gills with a single gill-plat^ 
a single pallial suture ; foot large, elo 
gated, with a byssal groove ; hermaphir^iD- 
dite and commensal with a Spatangi^^, 
Triphylus ; from Cape Horn. EntovcUt^^^, 
Voeltzkow (Fig. 240); mantle fair-Xy 
open, with a single suture; foot larg^, 
with a posterior pore ; hermaphrodi'te 
and incubatory ; endoparasitic in Synajc^ta 
(^Sytiapticola, Malard), Madagascar a.nd 
Atlantic Family 18. Kellykllid^a^e, 
Fischer. Mantle with a single pallial 
suture ; anal orifice with a very short 
siphon ; foot elongated ; gills with two 
unequal plates. Shell ovoid ; the liga- 
ment external ; the anterior laterai 
hinge tooth below the cardinal tooth. 
Genera — Kellyella, Sars. Turtonia, 
Forbes and Hanley ; British. Allopagus, Stoliczka ; fossil from the Eocene. 
Lutetittj Deshayes ; fossil from the Eocene. Family 19. Cybenidai!, 
Gray. Mantle with two siphons, which are more or less intimately united 
together and have papillose orifices. The sexes separate. Shell with 
external ligament; the pallial line usually with a sinus. Freshwater 
forms. Genera — Gyrena, Lamarck. Corhicula, Megerle. Batissa, Gray. 
VelorUay Gray. Galatea, Brugui^re. Fischeria, Bernardi. Family 20. 




CU.O 




Fig. 239. 

CMamydocmicha orcutti, Dall. A, dor- 
sal aspect ; B, left-side view, a.o, anal 
orifice ; c.o, caecal orifice ; /, foot ; pa, 
mantle. (After Bernard.) 
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Ctoladidas, Clai^. Mantle with one siphon or with two free siphons, 
which have simple ori&cea. Hermaphrodite ; the embryos incubated in 
the eit«mal gill-plat«. Shell with a simple pallial line. Freshwater. 
Qenera — C^^ Bnigni&re ( = SpAoffrium) ; two siphons; British (Fig. 218). 
Findium, Pfeiffer ; a single anal siphon ; British. Family 21. Ranoiidae. 
Uantle with two short siphons united at their bases, and with papillose 
mficea. Foot linguiform. Shell with prominent umbones and an 
internal ligament Oenns — Ban^a, Desmoulius ; from brackish water 
in Florida. Fanilt 22. CutDimiDAK, Zittel. Shell elongated, ineqni- 
litenl, the posterior side being the longer ; the ligament eit«mal ; the 
psllial line simple ; dimyarian. An extinct family, ranging from the 




(Afler 



*^evoman to the Cretaceous. Genera — Cardtnia, Agaasiz ; Trias and 
"UrasBic. j4n(ftni«iwia. King ; Carboniferous and Permian. Anoplo^iora, 
^midberget ; Trias. Pachycardia, Hauer ; Trias. Familt 23. Mega- 
Iodontidar, ZitteL Shell inequilateral, thick, dimyarian, with pro- 
>»iinent umbones ; the posterior adductor impression borne on a myo- 
l>boronB apophysis. An extinct family, ranging from the Devonian to 
the Cretaceons. Genera — Megalodon, Sowerby ; from the Devonian to 
*he Jurassic. PachyrUma, Morris and Lycett ; Trias and Jurassic 
-thirgo, Bohm ; Jurassic. Duerocardium, Stoppani ; Jurassic Family 24. 
XltnoNiSAE, Fleming. Mantle with a single pallial suture and no 
siplionB. Shell equilateral, with lateral hinge teeth 01 no hinge 
t««th. Inhabitants of fresh water. Development through a glochidium 
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stage (Fig. 242). Genera — JJnio, Retzius ; shell thick, the hinge toothed. 
ThiB genua includes more than a thousand species, the majority from the 
Qorthem hemisphere, jjnodonta, Lamarck; shell thin; the hinge without 
teeth ; British. Psewfoifoii, Gould. Ouorfruirt, RafineBque. ^Inwwia, Conrad. 
Monecondylaea, d'Orbigny. Soleaaia, Conrad. Mycdoput, d'Orbigny ; 
foot cylindrical, with a terminal swelling ; South America,. Fauilt 25. 
MnTELiDAB, Gray. This family differs from the Unioaidae in having two 
pallial sutures and a distinct branchial orifice ; the shell is never fur- 
nished with lateral hinge teeth. Freshwater. Genera — Mtitda, Scopoli. 
Pliodon, Conrad. SpotAo, Lea. Iridiaa, Lamarck. Hyria, lAmarck. 
Caetalia, Lamarck. Aplodon, Spix. Plagiodony Spii. Family 26, 
Abtkeriidae, Adams, Shell irregular, generally fixed in the adult state. 
Mantle with a sii^le suture ; foot absent ; anterior adductor muscle 




, , ADt«rlDr and poit^rior adduc 

gt.p, Toot gland ; o.a, o-b, Hiwl and bra: 

soraetimea induced or absent; from fi'eah water. Genera — Aetherta, 
Lamarck ; anterior adductor well developed ; African. MiiHeria, F^russac ; 
uo anterior adductor ; American. BartUttitXf Adams. 

Sdb-Obdbk 3. Tbllinacba. 

Eulamellibranchia in which the mantle is not extensively closed, 
with two pallial sutures and two well- developed siphons ; the gills 
smooth. The foot is compressed and elongated. The labial palps very 
large. Dimyarian ; the pallial line has a deep sinus. 

Family 1. Tbllinidae, Desliayes. The external branchial plate 
directed upwards (Fig. 306, U). The siphons separate and elongated. 
Foot with a byasogeuous apparatus. Palps very large. Ligament of shell 
external. Gienera — Tellina, Linnaeus ; slightly inequivalve ; foot laige ; 
British (Fig. 190). Gastrana, Schumacher ; equivalve ; the foot slightly 
developed ; British. Capta, Bruguifere. Macoma, Leach. Family 2. 
ScBOBictTLABiiDAE, Adams. External gill - plate direct«d upwards. 
Siphons separate and excessively long. Foot without a bysaus. The 
ligament partly internal, lodged in a. concavity in the hinge. Genera — 
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Scrohiculariaf Schumacher ; estuarine ; British. SyndosmyOj Recluz ; 
British. Cumingioy Sowerby. Family 3. Donacidae, Fleming. Ex- 
ternal gill -plate directed ventrally. Siphons separate, of moderate 
length, the anal siphon being the longer. Foot large and compressed. 
Shell inequilateral, the anterior side being the longer ; the ligament 
external Genera — Donax, Linnaeus ; British. Iphigeneia, Schumacher. 
Family 4. Mbsodesmatidae, Deshayes. External branchial plate 
directed ventrally. Siphons separate and equal. Shell inequilateral, 
the anterior side being the longer ; ligament internal Genera — Meso- 
desmay Deshayes. Ervilia, Turton ; British. Family 6. Cardiliidae, 
DalL Shell very high and short, ventricose, dimyarian, the posterior 
adductor impression borne on a prominent myophorous apophysis. 
Ligament partly internal Genus — GardUia, Deshayes ; from the Pacific 
Ocean. Family 6. Mactridae, Gray. External branchial plate directed 
ventrally. Siphons united, more or less invested by a chitinous sheatb. 
Foot long, stout, bent at an angle and without a byssus. Shell sub- 
triangular and nearly equilateral ; the ligament partly internal. (Jenera 
— Mactra, Linnaeus ; British (Fig. 191). Mulinia, Gray. Ha/rveUa, Gray. 
Raetaj Gray. Eastonia, Gray. Heterocardia, Deshayes. Vanganella, Gray. 

Sub- Order 4. Venbracea. 

Eulamellibranchia with two pallial sutures ; the siphons generally 
somewhat elongated and partially or wholly united. Gills slightly 
folded. A bulb on the posterior aorta. Ligament external. 

Family 1. Veneridae, Gray. Foot well developed. Adductor 
muscles subequaL Pallial sinus shallow or absent. Genera — Veniis, 
Linnaeus ; siphons rather short, their distal extremities free ; foot without 
byssus ; British. Dosiniay Scopoli ; siphons long and fused together 
throughout their length ; foot truncated without a byssus ; British 
Tapes, Megerle ; siphons rather long and incompletely fused ; Jbot 
byssiferous; British (Fig. 202). Gyclina, Deshayes. I/wdnopsiSy Forbes 
and Hanley ; British. Meretrix, Lamarck (Fig. 1 89). Circe, Schumacher ; 
British. Venerupis, Lamarck. Family 2. Petricolidab, d'Orbigny. 
Boring Lamellibranchs with a reduced foot. The shell more or less 
elongated, with a deep pallial sinus. Genera — Petricola, Lamarck ; the 
British species P. pholadiformis, originally an inhabitant of the United 
States, has been acclimatised for some years in the North Sea : it has 
boring habits as and mimics Pholas Candida. Family 3. Glauqomyidae, 
Ohenu. Siphons very long and united. Foot small. Shell elongate<), 
thin, with a deep pallial sinus. Inhabitants of fresh or brackish water. 
Genera — Glaiicomya, Woodward ; from S.E. Asia. Tanydphon, Benson ; 
from India. 

Sub-Order 6. Cardiacea. 

Eulamellibranchia with two pallial sutures. Generally with short 
siphons. The foot cylindrical, more or less elongated, furnished with a 
byssogenous apparatus. The gills much folded. Shell equivalve, with 
radiating costae and an external ligament. 
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Family 1. Cardiid&e, Gray. The mantle Blightlf cloaed ; siphons 
very short and Burrounded by a single circle of papillae which are often 
ocuiiferouB (Fig. 243, o.V). Foot very long, geniculated. Pallial line of 
the sbell without a siniiB ; two adductor muscles. Qenera — Cxri/mtA, 
Linnaeus ; adductor muscleB suhenual ; British (Fig. 243). PieudolKUya, 
Felseneer (Fig. 221). Both Byseneardiitm, Munier-Chalmaa, and Litho- 
cardivm, Woodward, fossils from the Eocene, have a much reduced anterior 
adductor mnscle. Fauilv S. Liunocardiidae, Stoliczka. Siphons very 
lonj^ united throughout their extent. Shell gaping ; two adductor 
mnscles. Inhabitants of brackish waters. Genera — Adaoui, Eichwald ; 
from the Caspian Sea. Litivnocardium, Stoliczka ; from the Caspian Sea 
and fossil from the Tertiary. ATCXcaTdvam, Fischer ; fossil from the 
Tertiary. Family 3. Tridacnidab, Broderip. Mantle closed to a con- 
siderable extent, the orifices distant from one another ; no siphons. The 
foot short, with a more or less well developed byssus. A single adductor 




muscle. The gills narrow. The shell thick. Genera — Tridaewt, 
Bmguiere ; byssus stout ; shell gaping anteriorly ; from the Indian 
and Pacific Oceans. Hippopui, Lamarck ; bjssua reduced ; shell not 
gaping. 

Sud-Obder 6. Chamacea. 

Asymmetrical, inequivalve, fixed Eulamellibranchia, with extensive 
pallial sutures and distant pallial orifices ; no siphons. Two adductor 
RiuBcles present. The foot reduced and without a byssus. Shell thick, 
without a pallial sinus. 

Family 1. C h amid ae, Gray. Shell with aubequal valves and promi- 
nent umbones more or less spirally coiled ; ligament external. Genera 
— Chama, Bniguiere ; the free valve only slightly ventricose ; shell 
lamellated or spiny. JHurai, Lamarck ; shell smooth, the umbones 
largely divergent and coiled ; the adductor muscles (at least the anterior) 
attached to myophorous apophyses ; fossil from the Jurassic (Fig. 244, A). 
Bequiaua, Matheron ; the fixed valve spirally coiled ; the free valve 
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operculiform ; fossil from the Cretaceous (Fig. 244, B). McUheronia, 
Munier-Chalmas ; fossil from the Cretaceous. Family 2. Caprinidae, 
d'Orbigny. Shell inequivalve ; the fixed valve spiral or conical ; the 
free valve not operculiform but coiled or spiral ; ligament internal ; sub- 
stance of the shell generally 
pierced with large parallel canals. 
An exclusively fossil family, 
from the Cretaceous. Genera 
— Gaprina, d'Orbigny ; the free 
valve larger than the fixed and 
coiled (Fig. 244, C). Caprinuloj 
d'Orbigny ; fixed valve elongated 
and conical, free valve small and 
coiled (Fig. 244, D). Gaprotim^ 
d'Orbigny. Ichthyosarcolites^ Des- 
marets. Plagioptychvs, MatheroD. 
Polyconites, RouUand. Family 3. 
MoNOPLEURiDAE, Munier- 
Chalmas. Shell very inequi- 
valve ; the fixed valve conical or 
spiral, the free valve operculiform 
and slightly or not at all spiral ; 
ligament external. No canals in 
the substance of the shell An 
exclusively fossil family, from 
the Cretaceous. G^enera — Mono- 
pleuruj Matheron (Fig. 244, E). 
Valletia, Munier-Chalmas. 
Baylea, Munier-Chalmas. The 
two following families, desig- 

Caprina adverm ; D, Caprinvla Baylei ; E, Mono- nated by the COmmon name of 
pleura imbricaia; F, Badiolites angeiodes. (Chiefly n i- . i ^ itix lv^ 

after d'Orbigny.) y v j Rvdutae^ are closely allied to the 

preceding : they also comprise 
some extinct marine forms from Secondary deposits. These animals, of 
littoral and often gregarious habit, were fixed by the conical and more or 
less elongated right valve ; the adductor muscles were not inserted perpen- 
dicularly to the surface of separation of the two valves ; the free left 
valve has a sub-central umbo, is not spiral, and is furnished with promi- 
nent myophorous apophyses to whose external faces the muscles were 
attached ; this valve was only movable in a vertical direction. Family 4. 
Radiolitidae, Gray. Shell conical or biconvex, without canals in the 
external layer. Gianera — Badiolites, Lamarck ; valves ornamented with 
longitudinal costae ; a ligament present ; from the Cretaceous (Fig. 244, F). 
Biradiolites, d'Orbigny ; no ligament ; Cretaceous. Family 5. HiP- 
PURITIDAE, Gray. Fixed valve long, cylindro- conical, with three 
longitudinal furrows, corresponding internally to two pillars which serve 
to support the siphons. Anterior adductor muscle with two separate 
insertions on the fixed valve. Genera — Hippurites, Lamarck ; Cretaceous. 
Arnaudia, Bayle ; Cretaceous. The family Diceratidae, the most ancient 





Fig. 244. 

Some genera of fossil Chamacea and Rudistae 
A, Diceras arietinum ; B, Eequienia ammonia 
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of the Chamacea, and possibly derived from the Megalodontidae of the 
Palaeozoic and the Trias, has given rise to a branch that has survived to 
the present epoch (Chamidoe) and to various others that became ectinct 
at the cloae of the Secondary period In all cases, the forma in which 
the umbo of the free valte is coiled have preceded the forma with an 
opereuLform free vahe — Rtqiaxma, being denied from Jheerat and 
Choma from Moiherimvj. , in the aame way among the Rudutae Radwlite» 
sppeara to be derived from Capruia The Hippuntidae, bv the depth of 
the fixed valve, the reduction oE the cavity, and the absence of the 
ligament, indicate the last stage of the evolutionary series 

Sdb Order 7 Mtaci^ 

Eulamellibranchia in which the mantle is closed to a considerable 
eitent , the aiphons are well developed the gills much folded and 
frequently prolonged into the branchial aiphon. The foot is compressed 
uid generally bTssiferous The shell gaping, with a pallial sinus. 

Fauily 1 PdAUMOBiisAE, Gray Siphons very loi^ and quite 
leparate Foot large flattened from aide to side and pointed Shell 




oval, elongated, with a deep pallial sinus and an external ligament 
Genera — Ptammobia, Lamarck ; the posterior end of the ahell sub- 
tnincated ; British (Fig. 246). Sanguinolaria, Lamarck. Asaphia, 
Modeer. Elima, Gray. SoUnotellina, de BlainviUe. Family 2. 
Mtidab, Gray. Mantle largely closed ; siphons united for the greater 
part of their length and surrounded, near their extremities, by a circlet 
of tentacles. Foot reduced. Shell gaping, with an internal ligament ; 
the left valve provided with a spoon-shaped projection for the ligament. 
Genera — Mya, Linnaeus ; siphons elongated, covered by a chitinous 
sheath, and incompletely retractile ; foot small ; palps elongated ; British. 
Sphenia, Turton ; Britiah. Tugonia, Gray. Platyodon, Conrad. Grypto- 
m^ Conrad. Fauily 3. Corbulidae, Fleming. Shell sub-trigonal, 
inequivalve, the left valve less convex than the right ; the pallial sinus 
shallow ; the ligament partly external. Siphons short, united, com- 
pletely retractile. Foot large, pointed, often byssiferous. Palps reduced. 
Glenera — Corbiila, Bruguiere ; siphons surrounded by a common circlet of 
tentacles ; shell short ; British. Corbuloaiya, Nyst ; shell elongated ; 
branchial siphon with a special tentacular crowa Pm-amya, Conrad. 
Erodona, Daudin, and Himella, Adams, are fluviatile forma from South 
Ameiica. Fauily 4. Ldtrariidae, Adams. Mantle extensively 
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closed ; siphons long and united throughout their length ; a fourth 
opisthopodial pallial aperture. Foot rather large, compressed. Shell 
elongated, with a deep pallial sinus and a spoon-shaped projection for the 
ligament on each valve. Genera — LvXraria^ Lamarck ; British. Trtx^a^ 
Gray. Stcmdellay Gray. Family 5. Solenidab, Leach. Elongated, 
burrowing animals. The foot more or less cylindrical and powerful, 
without a byssus. Gills narrow. Shell long, truncated, and gaping at 
each end ; the ligament external. Genera — Solenocurtus, de Blainville; 
siphons large, partially united, incompletely retractile ; pallial sinus deep ; 
foot very large and linguiform (Fig. 194) ; British. Tagdus^ Gray; 
posterior extremity short ; pallial sinus very deep ; estuarine. CeraiisoUnf 
Forbes and Hanley ; siphons long, separate ; gills rather short and not 
folded ; British. Gultellus, Schumacher ; siphons rather short ; extremity 
of foot dilated ; British. Siliqua, Megerle ; siphons of medium length ; 
foot dilated ; shell compressed. Solen, Linnaeus ; siphons short ; foot 
elongated ; shell rectilinear, cylindrical ; the umbones anterior and 

terminal ; British. Ensis, Scfiumacher ; siphons very 
short ; a fourth pallial orifice ; shell arcuate, the um- 
bones anterior and sub-terminal ; British. Familt 6. 
Saxicavidae, Gray. Mantle extensively closed ; with 
a small pedal orifice (Fig. 246,/) ; siphons elongate, 
covered by a chitinous sheath and wholly or largely 
united ; gills prolonged into the branchisd siphon. 
Foot small. Shell gaping, with an external ligament 
Genera — Saocicava, Fleuriau ; bores holes in rocks; 
siphons free at their extremities; foot byssiferous; 
British (Fig. 246). Glycimeris, Lamarck; siphons 
very long and completely united ; a burrowing form. 
Gyrtodaria, Daudin ; shell inequilateral ; the anterior 
^4^^»^^*--a4 side the longer ; siphons united, incompletely retractile. 
Pig. 246. FAMILY 7. Gastrochaenidae, Gray. Shell thin, 

Saancavaarctica, yen. without teeth, gaping widely at the anterior end. 
8iphoi?riS-!i brancw^ Anterior adductor much reduced. Foot small and 
siphon; by, byssai without a by ssus. Gills narrow. Mantle extensively 
mantle ; 4, sheiL ^' ^osed ; with long united siphons. Genera — Gastro- 

chaena, Spengler ; a boring form, with a cylindrical 
foot ; the shell regular and rarely enclosed in an adventitious tube ; 
British. Fistulana, Bruguiere ; a burrowing form with a very* small 
compressed foot ; shell with a denticulate border, always enclosed in a 
regular, non-adherent, fragile, club-shaped adventitious tube. 

Sub-Order 8. Adesmacea. 

Eulamellibranchia with very long united siphons and a largely 
closed mantle. The foot short, truncated, discoid, and without a 
byssus. The gills prolonged into the branchial siphon. The shell gaping 
and devoid of a ligament, but with a styloid apophysis in the umbonal 
cavities. 

Family 1. Pholadidae, Adama Shell capable of containing all 



THE LAMELUBRANCHIA 



275 



^^ 



the organs ; the heart traversed by the rectum ; two aortae. The shell 

with a pallial sinus ; the dorsal region protected by accessory calcareous 

pieces. Genera — Pholas, Linnaeus ; foot cylindrical ; siphons free near 

their extremities ; British. In Pholas there are four accessory plates ; in 

Zirphaea, Leach, two ; in Bamea^ Leach, one. Phokididea, Qoodall 'r 

foot rudimentary ; siphons completely united and their extremity 

surrounded by a fringed disc ; shells elongated, in the adult prolonged 

posteriorly by a short calcareous tube, which surrounds the siphons ;. 

British. Jouaiinetid, des Moulins ; foot rudimentary ; 

siphons completely united ; shell globular, and the right 

valve prolonged posteriorly by a rostriform appendage. 

Xylophaga, Turton ; siphons separate at their extremities ; 

foot narrow ; shell globular with two accessory dorsal 

plates ; British. Martesia, Leach ; siphons long, united ; 

foot absent in the adult ; shell ovoid with a ventral plate 

in addition to the dorsal plates. Family 2. Tere- 

DINIDAB, Fleming. Shell globular, covering a small 

portion only of the vermiform body. Heart on the 

ventral side of the rectum (Fig. 195, h) ; a single £^orta ; 

siphons long, united to a large extent and furnished with 

two posterior calcareous " pallets " (Fig. 247, II). Genera 

— Teredo, Linnaeus; a borer in wood; secretes an 

adventitious non - adherent tube ; British. Xylotrya, 

Leach ; the pallets articulated. 




Fio. 247. 



Teredo 
Linnaeus, 



navalis, 
ventral 
aspect. I, shell ; 
II, pallets ; III, 
anal siphon ; IV, 
branchial siphon ; 

V, siphonal mass ;. 

VI, foot. 



Sub-Order 9. Anatinacea. 

Hermaphrodite Eulamellibranchia, in which the 
ovaries and testes are distinct and have separate orifices 
(Fig. 219, 0, t). The foot generally rather small. The 
mantle frequently presents a fourth orifice. The ex- 
ternal gill-plate directed dorsally and devoid of a reflected 
lamella. Hinge of shell without teeth. 

Family 1. Thraciidae, Dall. Mantle with a fourth 
pallial orifice ; the pedal orifice elongated ; siphons 
rather long, quite separate, and completely retractile 
and invertible. Shell with a deep pallial sinus. 
Genera — Thradoy de Blainville ; shell with a lai^e spoon-shaped tooth ; 
British. Asthenothaenis, Carpenter ; shell without spoon-shaped teeth. 
Family 2. Periplomidae, DalL Siphons separate, naked, completely 
retractile, but not invertible. Pallial sinus shallow ; no ligament. 
Genera — Gochlodesma, Couthouy. Feriploma, Schumacher. Tyleria, 
Adams. Family 3. Anatinidae, Gray. Siphons long, united, covered 
by a chitinous sheath, and not completely retractile. Foot slender. 
Pallial sinus well marked. Genera — AncUinaf Lamarck. Shell thin and 
gaping, with spoon-shaped teeth. Plectomya, de Loriol ; fossil from the 
Jurassic and Cretaceous. Family 4. Pholadomyidae, Gray. Mantle 
extensively closed, with a fourth orifice. Siphons very long, completely 
united, naked, and incompletely retractile. Foot small, with a posterior 
appendi^e. Shell thin, with an external ligament and a well-marked 
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pallial BinuB. Qeoero — PAotadimtya, Sowerbj ; eome apecies living and 
abySBBl ; numeroue fossil apecies from tbe Trias onwards, the masimma 
in tlie Jurassic Familt 6. Aboouyidab, Fischer. Shell finely granular, 
equivalve, thin ; the hinge without teeth ; the ligament external ; pallial 
sinus. An ezdusiTslj fossil family, from the Secondary and Tertiary. 
Qenera — Araym.'qa, Agassiz ; from the Trias to the Eocene. Gunicmya, 
Agassiz ; Jurassic and Cretaceous. Fauilt 6. Pholasbllidai:, Miller. 
Shell oval, the posterior extremity attenuated and gaping ; cardinal 
border thin and devoid of teeth ; ligament external ; posterior adductor 
muscle lai^. An exclusively fossil family, from Prlmaij 
deposits. Genera— PAoIojfeiia, Hall ; Devonian. Phyiimya, 
Ultich ; Silurian. AUorisToa, King ; Carboniferous and 
Permian. Family 7. Pledbomyidab, Zittel. Shell inequi- 
lateral, thin ; the pallial line deeply sinuous ; the cardhul 
border of one valve covering that of the other and hiding 
the l^ament, which is therefore sub-intemaL An ei- 
clusively fossil family from Secondary formations. Qenera 
~ Plearowya, Agassiz ; from the Trias and inferior 
Cretaceous. Gresdya, A^aAz ; Jurassic. (7«riinii/a, Agassii ; 
Jurassic Famelt 6. Pahsoridae, Gray. Shell thin, 
inequivalve, free ; the ligament internal ; no pallial Binns. 
Siphons very short; foot elongate. Qenera — Pajuiora, 
Bruguitre ; British. Coehdon, Carpenter. Cluiiophom, < 
Carpenter. Family 9. Myo- 

CHAMIDAE, Ball. Shell verf 

ineqnivalve, solid, with a 
palljal sinus. Siphons shore ; 
a fourth pallial orifice 
present ; foot small. Oeneis 
— Myoehama, Stutchbury ; 
shell irregular ; fixed tt> 
other ahella by the tigit 
valve; Australian. Myodora, 
Gray ; shell free, trigonal ; 
the left valve flattened. 
Family 10. Chauosieei- 
DAB, Fischer. Mantle 
largely dosed. A fonrtb 
pallial orifice pi«sent ; pedsl 
orifice small Siphona ver; 
abort and separate. Shell 

ahow the origiMi gular, without a pallial sinns ; 

"o»eii!)*'™''°" °* ligament internaL Qenus— 
Ohamoatrea, de Roissy ; 
Australian. Family 11. C lavage llidae, d'Orbigny. Mantle lai^y 
closed ; pedal orifice extremely amall ; a fourth pallial orifice present ; 
siphons fairly long, united ; foot very rudimentary and without a byBsna. 
The ligament external ; the valves continued backwards into a calcareona 
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tube secreted by the siphons ; pallial line sinuous. Qenera — Glavagellaf 
Lamarck ; left valve fused to the tube ; adductor muscles well developed ; 
a boring form. Brechites, Guettard ( = AspergUlum, Lamarck) ; the two 
valves fused to the tube and external (Fig. 248) ; no posterior adductor 
muscle ; the anterior adductor much reduced ; the anterior extremity 
bearing numerous tubular projections serving for adhesion ; Indian and 
Pacific Oceans. Family 12. Lyonsiidae, Fischer. Mantle largely 
closed, with a fourth pallial orifice ; siphons short, invertible ; foot 
byssiferous. Shell thin, granular externally ; the pallisd sinus feeble ; 
the ligament internal. Genera — Lyonsia, Turton ; shell regular and 
elongated ; British (Fig. 219). Entodesma, Philippi ; shell irregular, 
truncated behind ; a boring form, sometimes found in the tests of 
Ascidian& Mytilimeria, Conrad ; shell regular, ventricose, gaping behind. 
Family 13. Verticordiidae, Wood. Siphons short ; the gills papillose ; 



tyrx/ t/u 




Fio. 249. 

Poromya tomata^ leffc-side view, a.a^ anterior adductor ; a.p, anterior labial palp ; a.8f 
anal siphon ; /, foot ; g.2, gill lamellae on the septum ; \ heart ; Aa, posterior adductor ; in, 
intestine ; 2i, liver ; pa. pallial suture ; p.p, posterior labial palp ; p.t, pallial tentacles ; r.p, 
Teti|ictor posterior pedis ; r.a^ retractor of the septum ; s, septum ; d/, valvular fold of the 
totnchial aperture. 

foot small ; palps well developed. Shell globular, very slightly gaping, 
without a pallial sinus. Many species abyssal. Genera — Verticordiaf 
Wood ; mantle largely closed ; the pedal orifice smalL Euciroa, Dall ; 
heart situated above the rectum. Lyonsiella, Sars ; foot byssiferous. 
Halicardia, Dall. 

Order 4. Septibranchia. 

The Septibranchia are dimyarian Lamellibranchs in which the 
mantle remains fairly open and has two sutures and two siphons. 
The foot is long and slender ; the byssus rudimentary or absent. 
The pallial line is simple or very slightly sinuous. The essential 
character of the group is the disappearance of the gills as respiratory 
organs, a character which is not found in any other Lamellibranch. 
The gills are transformed into a muscular septum (Fig. 249, s) 
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which extends from the anterior adductor muscle to the point 
of separation of the two siphons, and surrounds and is continuous 
with the foot. This septum, therefore, has exactly the situation 
and the relations of the branchial septum of the majority of the 
Lamellibranchia, which divides the pallial cavity into two chambers. 
The group is derivable, more or less directly, from the Anatinacea, 
through the series Lymsia, Lyonsiella^ Faiomya, Cetoconcha, Ouspidam^ 
in which one may observe a gradual increase in the amount of 
muscular fibre in the gill filaments or in their reduced equivalents, 
so that any objection to the branchial origin of the septum, because 
of its muscularity, cannot hold good. The muscular septum is 
inserted on the shell, especially in the neighbourhood of the two 
adductor muscles. The origin of the anterior and posterior exten- 
sions of the septum and of its muscular attachments to the two 
extremities of the shell is to be found in the physiological contrac- 
tions necessary to create a current of water on the respiratory 
surface of the supra-septal chamber. The septum is, in fact, always 
pierced by paired orifices, which admit of the passage of water. 

The Septibranchia are all marine, 
inhabit considerable depths of the 
sea, and are carnivorous. The order 
only comprises one sub -order, the 
Poromyacea. 
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Family 1. Poromyidae, DalL 
Siphons short and separate ; the bran- 
chial siphon provided with a large 
valve. Foot pointed and not byssi- 
ferous. The branchial septum bears two 
groups of transversely elongate orifices 
on either side ; these are formed by 
a few branchial filaments, with or with- 
out junctions. The palps are large. 
All the members of the family are her- 
maphrodite. Genera — Poromyd, Forbes ; 
no pallial sinus ; British ^g. 249). 
Dermatomya^ Dall ; a pallial sinus 
present LiopistJia, Meek ; fossil from 
the Cretaceous. Family 2. Cetocon- 
CHiDAE, Ridewood. Branchial septum 
bearing three groups of orifices on each 
side ; these orifices are separated by 
rudimentary branchial filaments. Palps 
large ; siphons short, separate, the branchial siphon with a valve. Qenus 
— Cetoconcha, Dall { = Silmia, Smith) ; abyssal (Fig. 260). Family 3. 
CuspiDARiiDAE, Fischer. Siphons long and united, their extremities 
fiurrounded by tentacles. Foot narrow, with a rudimentary byssus. 
Palps greatly reduced or absent. Branchial septum pierced by four or 



Fig. 250. 

A ventral view of Cetoconcha^ removed 
from its shell. a.o, anterior septal 
orifices ; a.p, anterior palp ; /, foot ; m, 
mouth ; m.o, median septal orifices ; pa, 
mantle ; p.o, posterior septal orifices ; 
p.Pf posterior palp ; se, branchial sep- 
tum; si, retractile branchial siphon. 
(After Ridewood.) 
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five p&ira of very narrow symmetrical orifices. The sexes separate. 
Genua — OutpHJario, Nardo; British {Fig. 251). 




'Ctupldarla au^daia (Ollvi), lelt-Blde ylen, afUr ninoval of left half of the iiiuitte. a, aniu ; 
oji, interior iddnotor ; n./r, anterior (Oot retraclot ; o,p, anterior l»bial palp ; o.<, anal siphon ; 

W; ;.;, genital sisnd ; ^.o, geaital orifice j'/i, h'eirt; ix, iDtestine; i,, kidney \)(-o. kidney 
opMlng; m, mouth; p.o, posterior adductor; fj.r, poaterior foot-rttr«cWr ; ji.||, pedal gan- 
Suon; v.'.p, posterior labiat palpn ; t, aaptiim ; s.o, geptaL orlllce ; 9.1-, nepCai retractor ; st, 
iknitdi ; i^n, Tlscersl gaogUon. 
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CHAPTER VI 

THE CEPHALOPODA 

CLASS v.— THE CEPHALOPODA, Cuvier. 

Order 1. Tetrabranchia. 

Sub-Order 1. Nantiloidea. 
„ 2. Ammonitoidea. 

Order 2. Dibranchia. 

Sub-Order 1. Decapoda. 
Tribe 1. Oigopsida. 
„ 2. Myopsida. 

Sub-Order 2. Octopoda. 
Tribe 1. Leioglossa. 
„ 2. Trachyglossa. 

Definition. — The Cephalopoda are perfectly symmetrical Mollusca, 
in which the edges of the foot are transformed into circumoral 
appendages completely surrounding the head, and the epipodium 
is modified to form an exhalant muscular tube or funnel consisting 
of two free or united lobes, situated behind the head at the opening 
of the pallial cavity, and serving as a conduit for the water from 
this cavity. In the nervous system all the typical ganglion-pairs 
are concentrated in the head, and are applied to or contained in 
the interior of a cartilaginous skeletal piece. The renal organs are 
constituted by the glandular covering of the afferent branchial 
vessels. The coelom communicates with the exterior either directly 
or by the intermediary of the paired kidneys, and by a second pair 
of ducts serving as gonaducts. The gonad is situated in the coelom 
and is not continuous with the gonaducts. A portion of the 
circumoral pedal crown is " hectocotylised," that is to say, modified 
to form a copulatory organ in the mala The development is 
characterised by the incomplete segmentation of the ovum. 

I. General Description and External Characters. 

In comparing the Cephalopoda with other Mollusca, one finds 
that the ventral surface is much abbreviated and the length of the 
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body reduced (Fig. 22, E), This is the result of the displacement of 
the foot, whoBe lateral borders surrouud the head and are joined 
together in front of the mouth. In conaequence of this shorteniiig 
of the antero-posterior axis, the two extremities of the digestive 
canal are closely approximated, 
and the pallial cavity opens im- 
mediately behind the head (Fig. 
252, m, a). 

The head ia highly developed, 
but has hardly any other ap- 
pend^es than those formed by 
the edges of the foot which 




embrace it Certain Oigopsida, however, e.g. Taonius suhmii, Ray 
Lankester (Fig. 253), and the embryos of an allied form known 
as Grenacher's embryo (Fig. 119, D) and of Loligo petUi, have very 
prominent pedunculated eyes. On the other hand, NaviUus, whose 
. eyes are also somewhat prominent, has in addition two ciliated 
tentacles on either side of the head, one in front of and the other 
behind the eye (Figs. 255, i, k; 293, a.oJ, p.o.t). 

The foot forms a crown of appendages surrounding the mouth : 
the edges of this crown are not deeply divided in Hatdiltts, but 
are much more so in the Dibranchia, In NaiUilus the circumoral 
pedal crown is divided into lobes each of which bears a group of 
tentacles, the total number of tentacles being about ninety in the 
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female, but only sixty in the male. These tentacles have laminated 
bat not ciliated suidPaces; they are adhesive and prehensile, and 
ire retractile within special tentacular sheaths. When the animal 
is extended they radiate outwards from the mouth. In the female 
there are three tentaculiferous lobes in immediate contact with the 
buccal aperture (Fig. 255, c, d) : these are the right and left and the 
ventral interior lobes. The last named (which is absent in the 
male) bears a laminated organ, supposed to be olfactory in function 
and known as Owen's organ, in the middle of its free border (Fig. 
255, 7i), and fourteen tentacles on each moiety of the lobe. The 




Fioi 254. 



. 'IrmjofiQ^gniA veHfirt Verany, viewed from the dorsal side, showing the four dorsal arms Joined 
*08ether by a membrane. (After Verany.) 

right and left interior lobes bear twelve tentacles apiece. The 

Muscular mass of the foot forms a broad ring round the three interior 

lobes, and is particularly thick and strong in the dorsal region (Fig. 

255, g\ where it is modified to form a hood which protects the whole 

*iiimal when it is retracted within its shell. On the external face 

of the hood is a concavity in which the spire of the shell is lodged. 

The tentacles borne on this ring are called " digital," and are 

*^ger than the " labial '* tentacles borne on the three interior lobes. 

"^iie digital tentacles are nineteen in number on each side in the 

'^^tiale, and are disposed more or less regularly in three unequal 

^^'Ws. It is only the dorsal pair of tentacles that belongs to that 

I^X*t of the muscular ring which forms the hood, the last-named 
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structitre beiog largely compoBed of an extension of the eheatiiB 
of the tentacles in question. On the ventral side an extensiTe 
part of the internal Burface of the muscular riug is lamioated, 




howl; 1, aaperior ophthalmic tentacle; »:, inferior ophtMlniic tentsclo ; I, ojo ; m, pslred 

or hsctoootyllHed portion of tJie left inner lobe orihs foot, representing foutmodillod tenlaclee: 
g, theantiapidii (in themaleX being four of the twelve tanlaclos of the right Inner lobe, IsolAtod 
from the remaining eight (After Lankdatep.) 
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forming the so-called "organ of Valenciennes," peculiar to the 
female and serving for the attachment of the spermatophores 
(Fig. 255, m). 

In the Dibranchia the pedal appendages have the form of four 
or five pairs of symmetrical and generally elongate arms. In the 
Octopoda there are eight similar arms, and the whole length of the 
ventral surface of each is covered by suckers which are often very 
numerous and highly specialised in structure (Fig. 256). It seems 
probable that it is the suckers and not the arms that are com- 
parable with the tentacles and tentacle-sheaths of Nautilus, In 
the Decapoda, in addition to the eight arms corresponding to those 
of the Octopoda, there are two additional "tentacular" arms, of 
which one is situated between the third and fourth sessile arms on 
either side of the posterior part of the head. These two tentacular 
arms are longer and more slender than the others (Fig. 298, A), and 
the suckers are generally confined to their free extremities, which 
are enlarged and club-shaped ; in some forms, however, they bear 
suckers along their whole length (Fig. 297, II). The tentacular arms 
are further distinguished from the sessile arms by the fact that they 
are more or less retractile within special pouches : they are com- 
pletely retractile in Be'pm^ Sepiohy and Eossia, incompletely retractile 
in Loligo, very slightly retractile in the majority of the Oigopsida, 
and finally they are united to form a beak -like appendage in 
RhynchotmUhis. In some Oigopsida, such as Leachia, Chaunoteuthis, 
some species of CheiroteuthiSf and Grimalditeuthis (Fig. 258), the 
tentacular arms are reduced to mere stumps : in the adult Veranya 
they are similarly reduced, but the young still retain small 
tentacular arms. Similarly a notable reduction of the ordinary or 
sessile arms, particularly on the dorsal side, may be observed in 
some Cheiroteuthidae and Cranchiidae. Some or all of the eight 
sessile arms may be united by a more or less complete inter- 
brachial membrane : the four dorsal arms are united in this 
manner in Tremoctopus (Fig. 254), the six dorsal arms in HistioteuthiSf 
and all eight arms in some species of Eledone, in Alloposus, and in 
the adult Cirrhoteuthidae and Amphitretidae, the membrane ex- 
tending in the two last-named families to the tips of the arms, 
but in the young of Cirrhoteuthis (Fig. 260) the membrane is not 
fully developed. 

In the female Argonauta the two dorsal arms are enlarged to 
form a veil (Fig. 301, IV), which is applied to the mantle and 
secretes a protective calcareous shell. Finally, in most cases a 
single arm of the male, or a portion of the circumoral pedal crown 
in Naviilus, is modified to form a copulatory organ, which is some- 
times detachable. This is the hectocotylus, or spadix in Nautilus, 
which will be described in detail under the head of reproductive 
apparatus. 

19 
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The suckers are pedunculated in the Decapoda, the peduncles 
being axial or lateral, but they are sessile in the Octopodi 
(Fig. 256), They generally form a double series along the internal, 
that is to say, the ventral or buccal faces of the arms, but there ia 
a single series in Eledone and Cirfhoteuihis (Fig. 260). In some 
cases, however, there are more than two rows, e.g. Spirula (Fig. 
368, ar), Gonatus, Dosidicus, Tritaxeojms, Ctenopteryx (on the three 
dorsal pairs of arms), and S^m (Fig. 299, c). In point of structure, 
each sucker consists of a globular or cylindrical projection, 
compriBing an annular surface of application with a cential cavity 
whose capacity can be augmented by the retraction of its floor. 
The floor la provided with perpendicular muscular fibres (Fig 256, 1), 
whose contraction causes the sucker to adhere to the prey or to 
the substratum The surface of application of the sucker is 




sucker ; II, radiating i ua ul« flhres .an m uli fibres V 800 t the cavity of 

augmented by the action of radiating muscular fibres (Fig, 256, II), 
and its adherence is further assured by the cuticular rugosities of 
this surface. These cuticular structures are simply small projections 
in the Octopoda, but in the Decapoda there Is a complete chitinous 
ring with denticulated edges which ai-e often very prominent, and 
in some cases a single denticulation may become very large and 
preponderant and thus transform the sucker into a hook-bearing 
organ. In Onyckolmthis true functional suckers coexist with the 
hooka, but in the adult Veranya the suckers are nothing more than 
the bases of the hooka. In various species of CkeiToU'uthis the 
tentacular anna bear suckers in which the muscular system is feebly 
developed and there is neither a central piston nor a homy ring, 
but the bottom of the cupule is covered by a great number of 
anastomosed epithelial filaments which constitute an organ for fishing. 
In Ciirkoteutkis, in addition to the row of suckers, there are 
tentacular filaments on each arm alternating with the suckers. 
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Q addition to the foot proper, whose edges constitute the circum- 

Kppendages, the Cephalopoda possess an epipodium which is well 

Toped, but highly specialised to form a funnel. The epipodial 

the funnel may be specially well seen in young embryos 

', /u; 119, D, /»), in which this organ is situated laterally 

Ipoateriorly, between the mantle and the foot. Primitively the 

^1 has the form of two symmetrical lateral lobes, which simply 

me towards one another and overlap in Nautilus (Fig. 27(1). 

[he Dibranchia, however, these two lobes become fdsed together 

tng development (Fig. 290, (9) q) and form a complete tube 

Jecting beyond the pallial cavity (Figs. 253 and 258, etc., /u). 

rough this tube the excrements, the secretion of the ink-sac, and 

\ generative products are ejected. The interior of the funnel 

generally provided with a larger 

Fsmaller valve, attached to its 

Cerior or dorsal face ; as, for 

lance, in the Nautilidae (Fig. 

16, b) and the majority of the 

Mipoda (Fig. 259, fu) { but this 

imcture is absent in Leachia 

Dong the Oigopsida and in the 

ctopoda. In addition, the in- 





YouDi? em1>Tyo of Stpia o.^jtaIIa, 
vi««ed from the dorsal aide, a, - 
e, sys ; fii, fimnol ; ai. gil' ; ™, u 

VltAllllB: 1, S, S, 4, 6, snuB. 
EoUtknr.) 

ernal wall of the funnel is furnished with an epithelial outgrowth 
A variable form, constituting a mucous gland called Miiller's 
irgan. 

Powerful muscular bundles, originating from the cephalopedal 
nassand from the sides of the funnel, unite together and are inserted 
Tmmetrically on the sides of the shell (Fig. 272, m). In Nautilus 
'^ey are inserted on the interior of the shell, in the Dibranchia on 
^ SEternal surface, in Spirula on the margins of the last chamber. 
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Other differentiated muscular bundles may be recognised ; they are 
mostly due to the specialisation of the funnel. 

In the Tetrabranchia (Nautilus) the mantle is covered by an 
external shell, which is partly overlapped by a small dorsal pallial 
lobe (Fig. 270, d): the retractor muscles of the head and foot are 
inserted symmetrically on either side on the internal surface of 
this shell. The female Argonauta also bears an external shell which 
covers the mantle, but has no muscular attachments and is not 
homologous with the shells of other Cephalopods : it does not 
originate from a pre-conchylian invagination or shell-gland, but is 
of pedal origin, and is only formed some ten or twelve days after 
birth by the palmate extremities of the two dorsal arms. The 
animal is not attached to this shell. 

In all other Cephalopoda the shell is covered over by the 
mantle, or at least is partly covered in Spii-ula (Fig. 295). The 
shell therefore is internal, and often is rudimentary, as in the 
majority of Decapoda, or it may be nearly obsolete, as in the 
Octopoda. The shell of living and fossil Nautiloidea, of Ammonoidea, 
Spirida (Fig. 268, sp\ and of various fossil Dibranchia, such as the 
Belemnitidae, SpiruUrostra (Fig. 262, C), etc., is provided with internal 
septa, disposed perpendicularly to the axis of the coil. It is only 
the last of the chambers thus formed that is occupied by the body 
of the animal, but a prolongation of the pallial integument known as 
the pallial siphuncle (Fig. 270, /) extends back to the initial chamber 
of the shell, and is enclosed in a calcareous tube or shell siphuncle 
which perforates all the septa (Fig. 268, si). This pallial siphuncle 
does not communicate with the coelomic cavity : in Nautilus and 
Spirula it is a simple vascular vermiform process of the mantle, 
whose cavity consists of a venous sinus and whose wall contains a 
ramification of the pallial artery. It apparently plays a part in 
the hydrostatic function. At the point where the shell siphuncle 
traverses each septum it is generally surrounded by a small 
reduplication of the latter, forming the so-called siphuncular neck. 
The chambers traversed by the siphuncle do not communicate with 
one another nor with the shell siphuncle : they are filled with a 
nitrogenous gas and form a hydrostatic apparatus. 

The external multilocular shell is straight in some palaeozoic 
Nautiloidea (Orthoceras), but in the majority of Tetrabranchia it is 
arcuate or more or less completely coiled in such a manner as to 
form a discoidal shell whose whorls are all in the same plane. In 
the majority of Tetrabranchia (Nautilus, Fig. 270) the coil is exo- 
gastric, that is to say, it is turned towards the dorsal aspect, but 
in some forms, e.g. Phragmoceras, Cyrtoceras, Pteiwceras (Fig. 261, B), 
it is turned towards the ventral side and is therefore endogastric ; 
the direction of the coil cannot be determined by the position of 
the siphuncle, which traverses the septa at various points, but by 
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the form of the aperture and the position of the " hyponomous " 
sinus, which corresponds to the funnel (Fig. 261, i.s). In some 
Nautiloidea, e,g, the dextral or sinistral Trochoceras^ and in sundry 
Ammonoidea, e.g. the sinistral Turrilites and Cochloceras and the 
dextral Bostrychocei'as, the coil may be produced into a helicoidal 
or turriculated spire. And in other cases again the last whorls 
of shell, whether it be discoidal or helicoidal, may be partly un- 
coiled, as may be seen, for example, in Lituites, which is largely 
uncoiled, or in Ophidioceras, in which only a small extent of the 
shell is uncoiled. Finally, the shell may become secondarily 
rectilinear in the adult, as in Baculites, among the Ammonoidea. 
In Spirula the sTiell is coiled in one plane, but it is endogastric, 
that is to say, coiled in the opposite direction to that of Nautilus 
(Figs. 268 and 270), and it is largely internal. In certain fossil 
Dibranchia the multilocular shell, whether it be straight or partially 
coiled, has become internal (Belemnitidae, Spirulirostra) and forms 
the phragmocone (Fig. 262, C). In such cases it is surrounded by a 
calcareous secretion of the reflected portion of the mantle, which 
is not homologous with the shell of other Molluscs, and forms the 
pointed rostrum or guard at the end opposite to the head (Fig. 262) 
and the cephalic plate or pro-ostracum at the anterior or dorsal end. 
Thus there is, in the shells of these Cephalopoda, an element which 
is not represented in the shells of other MoUusca. 

In the living Dibranchia, with the exception of Spirula, the 
phragmocone and the rostrum of this internal shell have become 
very rudimentary. In Sepia, for example, the shell is composed of 
parallel layers united together by short pillars of calcareous sub- 
stance, and has a stratified and alveolar structure : at its posterior 
end a little hollow marks the position of the phragmocone, and a 
short poinrted external projection represents the rostrum, the bulk 
of the shell being formed by the anterior pro-ostracum, on which the 
retractor muscles of the cephalopedal mass are inserted. In the 
Oigopsida the guard is no longer calcified, and the shell has the form 
of a chitinous plume or gladius, but in Ommatostrephes there is a 
Small posterior conical cavity representing the remains of the 
phragmocone. 

In the Loliginidae and Sepiolidae the shell is similarly repre- 
sented by a chitinous gladius (Fig. 263), but in these families it is 
80 much reduced that it only occupies the anterior portion of the 
body. In Idiosepius this shell is nearly obsolete, and it is absent 
altogether in certain Sepiolidae and some allied forms such as 
iStohteuthis, Inioteuthis, Sepioloidea, and Sepiadarium. Finally, in the 
Octopoda there is no longer a true shell, but only some simple 
chitinous rudiments, on which the retractor muscles of the head 
and funnel are inserted ; these may be paired, as in the case of the 
lateral stylets of Octopus ; or unpaired, as in the case of Cirrhoteuthis. 
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It follows that in all living Cephalopoda except Nautilus the 
shell is localised on the anterior or physiologically dorsal side of 
the body, and is enclosed by the mantle, which therefore appears 
to be a naked, bell-shaped sac (Figs, 252, 254, 287, etc.). The 
whole circumference of the mantle border is free in the Decapoda 
(Fig. 259), with the exception of Sepiola, in which it is fused to the 
head anteriorly in the middle line. Similarly, in the Octopoda, the 
border of the mantle is fused to the head anteriorly and latei'ally, ■ 
whereby the pallial aperture is much reduced, especially in Cirrho- 
teuihis (Fig 260) and Opistftoim- 
this (F g 300) 

In the Decapoda a more secure 
un on between the mant e and 
the funnel du n^ the expuls on 
of the water used in resp rat on 





through the latter structure, is ensured by the following mechanism : 
the free bonlers of the mantle bear on each side a cartilaginous pro- 
jection (Fig. 272, c') which fits into a corresponding depression in 
the funnel (Figs. 272, c; 259, so), the whole constituting the so- 
called " resisting apparatus " of foreign authors. In certain Oigopsida 
of the family Cranchiidae (Cranchia, Leachia) and in the Octopoda 
this apparatus is but feebly developed, and in Cirrhoteutim, where 
it would be useless, it has disappeared. Otherwise the funnel is 
quite independent of the mantle : it is only in AmphUreius among 
the Cirrhoteuthidae that the mantle border is united to the 
funnel by a ventral suture, leaving an opening into the pallial 
cavity on either side. Similarly, in GnmaJditeuthis and Sympleclo- 
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Uatfm among the Oigopsida, there are two infundibiilo-pallial 
satures. 

In the Dibranchia the mantle is a veiy muscular organ, which, 
by ita contractions, eervea two piu-posea. By alternately and 
rhythmically drawing in and forcing out the water that enters 
the pallial cavity between the funnel and the border of the mantle, 
it acts as an accessory respiratory organ, and by violently espelllng 
water through the funnel it acts as an efficacious locomotory organ, 
causing the animal to execute sudden retrograde movements. 

In the majority of Cephalopods with internal sheila (Decapoda) 
and in the Cirrhoteuthidae, the mantle is produced into lateral 
Bymmetrical expansions or fins of various form and position (Figs. 
253, 260, and 268,_^). These organs always originate at the aboral 




extremity of the mantle {Fig. 290, (4) a) — even in Ocfoptts, in which 
genus they eventually disappear — as two triangular or rounded out- 
growths. They remain localised at the aboral extremity in S^frula, 
in which genus they are situated close together at the point where 
the two halves of the mantle reunite behind the shell (Fig. 295). In 
most other Oigopsida they are still terminal and close together, but 
they tend to shift further forward on the anterior or dorsal surface, 
as in Tamiui (Fig. 253) and Ommatoslrephes (Fig. 297), and they 
may be duplicated, the two fins on each side lying close together, 
as in Grimaldileulkis {Fig. 256, Ji',fi') and Vampyroteulhis. But in all 
Other cases they diverge to take up positions opposite one another on 
the right and left sides of the body, and show an increasing tendency 
to occupy the whole length of the body, as in ThymnoieiUkis, where 
they are triangular (Fig. 298, B), and in Sepiotevihis, where they are 
rounded. In Sepui the fins extend the whole length of the mantle, 
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but are reduoed bo Eis to be of the same width throughout (Fig. 
272, P). The fins of Ctenoptm/x are similar, but are pectinated, that 
is to say, they consist of a thin membrane supported by muscular 
fibres (Fig. 259, Ji). On the other hand, in species with a short and 
globular mantle the fins are shifted away from the aboral extremitj, 
and are situated either in the middle of the body, as in Sepiola, 
or even near the anterior end, as in Ciirho- 
Uvihis (Fig. 260). 

Except in Naulilus (Fig. 270, /) and 
Spintla (Fig. 268, po-c), where it is shallower, 
the pallial cavity extends from its opening 
behind the head to the aboral extremity 
or Bummie of the body. It contains the 
branchiae and the anal, renal, and genital 
orifices (Fig. 272, Br, a, r, g). In some 
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The chlMnoiu intaniit 
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i it is divided longitudinally by a miiacular junction between 
the mantle and the visceral mass, starting from either side of 
the anus: such is the case in the essentially littoral forms with 
a short pallial sac, such as Sepiola and the Octopodidae. In 
Opistkoieutlds the pallial cavity is particularly narrow and shallow, 
and the pallial sac scarcely projects ; in consequence of the diminu- 
tion of the ventral flexure the animal is flattened and discoid (Fig. 
300), and the anus has returned to the posterior position whicWit-— 
occupies in primitive MoUusca. 

Beneath the epithelium the integument contains, at least in- 
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the Dibranchia, chromatophores or extensible pigment cells, whose 
activity produces the remarkable colour changes characteristic of 
these animals. The chromatophores are cells originally of ecto- 
dermic origin, which sink below the epithelium and become 
connected with contractile radiating mesodermic fibres. The 
pigment cells are simple but multinuclear, since they contain 
secondary nuclei situated at the bases of the muscular fibres. 
Different cells contain different coloured pigment: yellow, brown, 
red, or blue in the Decapoda. Each cell exhibits a constant though 
feeble tremulous movement, and may suddenly be extended, by a 
reflex action, under the influence of emotion or excitation, or as a 
more direct result of volition the chromatophores of the same colour 
may assume a definite condition of contraction or expansion, which 
gives the body a tint analogous to that of surrounding objects. In 
the latter case the action of the chromatophores is under the direct 
influence of the cerebral centres of the nervous system, and section 
of one of the optic nerves puts an end to voluntary changes of colour 
on the same side of the body. The chromatophores are chiefly dis- 
tributed over the anterior surface (or upper surface when the animal 
is in its natural position) of the mantle, the head, and the external 
sides of the arms. In the Decapoda there is, in addition to the 
chromatophores, a layer of reflecting cells which give these animals 
their iridescent hues. 

In certain Oigopsida belonging to the zonary or deep plankton, 
for example, Histioteuthis, Calliteuthis^ Histiopsis, FterygwteuthiSj etc., 
the surface of the body bears luminous organs, all of which are 
oriented towards the anterior extremity. The essential structure 
of these organs consists of a deeper photogenous layer and of super- 
ficial refracting elements. They may even extend into the interior 
of the pallial cavity, as, for example, in Pterygioteuthis. 

In the deeper parts of the integument the connective tissue is 
often concentrated to form cartilage of analogous structure to that 
of the Vertebrates, but characterised by the existence of processes 
of the cartilage cells which ramify in the matrix and anastomose 
with one another (Fig. 265). This cartilage is specially well de- 
veloped in the head. In Nautilus there is a capito-pedal cartilage, 
shaped like a letter H (Fig. 264, A), which only supports the ventral 
part of the nerve-centres, two of its branches extending into the base 
of the funnel. In the Dibranchia the cephalic cartilage completely 
encloses the central nervous system and the otocysts and is traversed 
by the oesophagus (Fig. 268, c.c). In some cases the cephalic car- 
tilage is produced into anterior expansions ; such are the pre-orbital 
cartilages surrounding the eyes of Sepia (Fig. 264, C). Various 
muscles, notably the retractor muscles of the head, take their origin 
from this " cranial " cartilage. There are also cartilaginous skeletal 
elements in other parts of the body of various Cephalopoda. In 
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Loligo, iSgwn, etc., there are elongated cartilaginous lamellae at the 
bases of the fine. There is a nuchal cartilage at the base of the 
neck of all the Dibranchia in which the mantle is not fused to the 
head ; consequently this cartilage is absent in Sepioh, and the 
Oetopoda (Fig. 264, D). It serves for the insertion of the lateral 
muscles of the funnel. Cartilaginous pieces also occur at the 
internal extremities of the retractor muscles of the head and funnel, 
and even in the two branchial laminae (Sepia). In the Decapoda 
there is sometimes a T-shapcd basi-brachial cartilage at the bases 
of the arms on the anterior (dorsal) side of the head (Sepia, 
Fig. 264, C) ; it is united to the cranial cartilage and serves for the 
insertion of the brachial muscles. Finally, the " resisting apparatus " 
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mentioned above is formed by sub-epithelial cartilaginous projections 
and depressions. 

It has been shown that Le-jMoteulhis, a form not yet sufficiently 
well known, but apparently a member of the Oigopsida, is ex- 
ceptional in that the superficial portion of the integument gives 
rise to a layer of hard, projecting, regularly disposed, imbricated 
scales, lying above the chromatophores. In Oefoptts arbwescens 
there are ramified and contractile tegumentary papillae. 

In several Bibranchia the integument contains certain so-called 
" aquiferous " cavities, which open to the exterior by special pores, 
but have no communication with the circulatory system. In 
addition to the pockets of the tentacular arms of Decapoda, there 
are cephalic pores on the back of the head and at the base of the 
funnel in Ocythoe, and buccal pouches on the ventral side of the 
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inner base of the crown of arms : one sucli buccal pouch occurs in 
Laligo and two in Se^, and they may play an accessory part in 
fecundation. In some exotic species of Se^ there are pouches in 
the mantle. 

II. Anatomy. 

1, The Alimentartf Canal. — The digestive tube of Cephalopoda 
comprises a buccal mass with two mandibles and a radula, a long 
oesophagus, a muscular stomach with a pylonc caecum and a short 
intestine which turns forward and opens in the middle hne below 
the funnel (Fig 253 a) 

The buccal aperture situated in the middle of the pedal 
appendages (Fig 260 m) is surrounded bv a circular lip garnished 
with papillae Further 
more in the decapodous 
Dibranchia there is a 
buccal membrane which 
may be \ery extensi\e 




and be divided into lobes alternating with the arms, and the 1 
may even be furnished with small suckera, as may be seen in some 
species of Loligo. 

The buccal cavity or pharynx has very thick, muscular walls. 
Internally it is provided with two powerful mandibles, one ventral 
and the other dorsal (Fig. 266); the tip of the ventral mandible 
overhangs that of tlie dorsal, forming a beak like that of a parrot 
(Fig. 268, rm, dm). These mandibles have recurved insertion-plates, 
to which the large muscles forming the greater part of the mass of the 
buccal bulb are iittached. In NaidUus the trenchant borders of the 
mandibles are covered by a calcareous deposit (Fig. 266), and the 
fossils known by the name of RkyncholUhi are nothing else than 
the beaks of Tetrabranchia ; for instance, Rhyncholitkes hh-vmdo is the 
beak of Temnacheilus (ndorsafus, of the Trias. 
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As in the Amphineura, the Gastropoda, and the Scaphopoda, the 
floor of the buccal cavity is occupied by the anterior part of the 
radula, which issues from a pharyngeal caecum. Each transverse 
series of this radula is formed by a median tooth, with three 
symmetrically disposed teeth on either side ; the only exceptions 
to this rule being — Nautilus^ which has four teeth on either side 
(Fig. 267, A) ; GonattLS, which has only two teeth on either side ; 
the Cirrhoteuthidae, which have no radula and have therefore been 
named Leioglossa, In front of the radular prominence is the 
so-called "tongue," a fleshy projection (Fig. 268, to) covered by a 
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Pio. 267. 

Radula of Cephalopoda. A, a single row of lingual teeth of NautUusponipUius ; B, two rows 
of lingual teeth of Sepia officinalis ; C, lingual teeth of Eledone drrhosa. (From Lankester, 
after Keferstein, Troachel, and Loven.) 

somewhat thick papillated cuticle : it corresponds to the sub-radular 
organ of other Molluscs. 

The salivary glands, of which two pairs are present in many 
Cephalopoda, pour their secretion into the buccal cavity. In 
Nautilus there are no posterior salivary glands, but on each side of 
the buccal cavity there is the orifice of a gland situated in the 
buccal wall and corresponding to the anterior salivary glands of 
the majority of the Dibranchia. In the latter order all the Decapoda 
have posterior salivary glands, situated fairly far forward opposite 
the cephalic cartilage (Fig. 268, s.g) : they are compact, acinous, 
almond-shaped structures composed of convoluted and bifurcated 
tubes; their ducts unite immediately they leave the glands to 
form a single median duct, which runs alongside of the oesophagus 
and opens, like the duct of one of the pairs of glands in the 
Aplacophora, at the summit of the sub-radular organ. The anterior 
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pair of salivary glands is relatively slightly developed, and is 
conspicuous only in the Oigopsida (Spirula, Ommatostrephidae, Fig. 
282, II, Onychoteuthis, Veranya, GonatuSy etc.). In the Myopsida, 
however, there is an unpaired intra-bulbar glandular mass, lying 
behind the radula at the entrance of the oesophagus, and this 
corresponds to the embryonic condition of the anterior salivary 
glands of the Oigopsida and Octopoda. The last-named have also 
two pairs of well-developed salivary glands. The anterior pair 
consists of two flattened acinous glands attached to the posterior 
surface of the buccal bulb, their short ducts opening on either side 
into the postero-lateral part of the pharynx. The topographically 
posterior or abdominal glands are absent in Cirrhoteuthis, but in 
other Octopoda they are present, and are relatively larger than the 
similar pair in the Decapoda, but have the same structure and 
relations, save for the fact that they are situated farther back near 
the oesophageal proventriculus. The secretion of the posterior 
salivary glands of the Octopoda contains a proteolytic ferment and 
is poisonous ; the secretion of the corresponding glands of Sepia 
contains, in addition, a diastatic ferment. 

In addition to the salivary glands proper, all theDibranchia possess 
a sub-lingual gland in front of the sub-radular organ. It is of small 
size and is formed by the infolding of the epithelium of this region. 

The oesophagus is long in all the Cephalopoda, and it may be 
enlarged to form a crop or proventriculus: this enlargement is 
gradual in Nautilus (Fig. 270, oe^ or), abrupt in the Octopoda, with 
the exception of Citrhoteuthis, but in the Decapoda the oesophagus 
is of the same diameter throughout (Fig. 268, oe). The true 
stomach is a more or less globular or elongated pouch, with fairly 
thick muscular walls, and is situated at the summit of the visceral 
mass (Fig. 271, gizz): its two orifices, the cardiac and the pyloric, 
are anterior. 

At the initial part of the intestine, close to the stomach, is a 
thin-walled caecal diverticulum of various shape. It is spherical in 
Nautilus, Rossia, and Leachia, elongated and much larger than the 
stomach in Loligo, but it is more frequently coiled in a spiral, 
like the spiral caecum of sundry rhipidoglossate and other Gastro- 
poda; such is the case, for example, in Spirula (Fig. 268, p.s\ 
Ommatostrephes (Fig. 269, e). Sepia, and the Octopoda. The hepatic 
ducts open into the stomachal caecum. 

The liver is formed by two symmetrical glands, which are 
separate from one another during development (Sepia), but are 
generally partially fused together in the adult. This organ 
exhibits its minimum state of concentration in Nautilus, consisting 
of four lobes, each with its proper duct. In the Dibranchia the 
liver is more compact and consists of two lateral lobes, which are 
only united to a small extent near the middle of their length in 
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Rossia and Sqm, but are much more intimately united In Sepiola, 
and are almost entirely fused together in Spirvla (in which genus 
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the liver is partly contained in the last chamber of the shell, Fig. 
268, liv), in Onychotenthis, Ommatoslrephes, Loiigo, and the Octopoda, 
with the exception of Argonaula. In these last cases the liver 
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appears to be an undivided ovoid or globular mass, but it is 
.raveraed by the oeBopbagus, and its double origin is further demon- 
itrated by the hepatic ducts, which are two in number, in .all the 
>ibranchia. In the Decapod* the hepatic ducts are long (Fig. 
!68, i.i) and traverse the kidneys ; in the Octopoda they are short, 
n the former sub-order the ducts are covered by the so-called 
'pancreatic" glandular follicles, whose structure is a little different 
rom that of the Kver (Fig. 268, p»). In the Octopoda these 
«llicles are situated only on the initial part of the hepatic ducts 
kad are nearly buried in the mass of the tnie 
iver. Digestion is wholly effected in the 
muscular stomach by the action of the trypsin 
secreted by the liver and by the diasbatic 
Eeiment secreted both by the liver and the 
"pancreatic " follicles. 

The intestine is relatively short and of 
•inifonn diameter. In Nautilus and the Octo- 
pcda it is slightly sinuous, hut in the Decapoda 
it is straight. The anus is situated in the 
middle line towards the anterior part of the 
pallial cavity (Fig. 272, a), and is often fur- 
'ished with lateral valves. With the exception 
'f Nautilus, Girrholeulhis, Octopus arcliats, and 
*■ pscaiorum, all the Cephalopoda, including 
he fossil Belemnites, have an ink-sac, consisting 
f a highly-developed rectal caecum developed 
*rly in embryonic life from the dorsal wall of 
he intestine and opening into the extreme 
erminal part of the rectum. This sac is made 
p of a deeper part, or gland proper, the cavity 
f which is septate, and a reservoir, into which ' 
he glandular part opens by a very small ^ 
rifice : the reservoir specially well developed , 
1 the Decapoda. This ink-sac occupies a some- ^jcS™^ ^"^"phLSa" 
'hat Buperiicia! position to the side of the "■ the " stomsch oi^nfj 
Isceral mass. In some species of Sepiola it is passed' ttniugh tia ^pyio- 
filobed, two lateral accessory organs being J|^ ho™!) i^"''*a'«f. 
jined to it. It extends to the posterior ex- 
remity of the body in Sepia (Figs. 271, i.s ; 272, t), and is buried 
1 the superficial part of the liver in all the Octopoda except 
irgonaula. The Cephalopoda are able, at will, to expel the 
jcretion contained in the reservoir of this anal gland through the 
innel, and thus conceal themselves by producing a dense cloud in 
lie water. An oxydising diastase, called tyrosinase, is concerned in 
de production of the secretion, the latter being known as melanin. 

2. CireiUalory Apparatus. ^-The Cephalopoda, or at any rate the 
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Dibranchia, have a more complete and perfect circulatory syatem 
than other Molluaca, the blood being nearly entirely contained in 
true veseela. 

Tlie heart is situated somewhat superficially near the middle of 
the posterior or physiologically ventral surface (Fig. 252, A). It lies 
in a pericardial cavity (Fig. 252, cw), except in the Octopoda, in 
which sub-order this cavity is much reduced (Fig. 278, ca). The 
essential part of the heart is the median ventricle (Fig. 377, rem), the 
lateral and symmetrical auricles being nothing more than simple 
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contractile expansions of the efferent branchial vessels (Fig. 277, aw). 
In Nautilus there are four such auricles, returning blood from the four 
branchiae, but in the Dibrancbia there are only two. In general the 
ventricle is slightly asymmetrical, except in Nautilus (Fig. 274, veni), 
in which it is transversely elongated, and in Loligo, in which it is 
elongated antero-posteriorly. The entrances of the auricles into the 
ventricle and origins of the aortae from it are guarded by valves. 
The aortic vessels consist of — (1) a cephalic or principal aorta, which 
runs forward (Fig, 277, a.d) and supplies the whole of the anterior 
part of the body with blood; (2) a posterior or abdominal aorta, which 
is smaller, especially in the Octopoda, and carries blood to the 
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posterior part of the mantle, iDcIuding the siphonal proloi^tion of 
Nautilus and ^irala and the fins of the various Dibranchia ; (3) a 
small genital artery, which may originate from the abdominal aorta 
(Fig, 277, y.aX or separately from the ventricle: it may even be 
triple, as in Nauiiias, where there is one artery for the gonad, one 
for ite duct, and one for the homolt^ue of the duct, the pyriform 
appendage. 

In A'aulUus the circulation is partly lacunar, except in the 
integuments, but in the Dibranchia the vascular apparatus is 
remarkably perfect, and sinuses are, as a rule, absent, the blood 
passing from the arteries into the veins through the intermediary 
of capillary vessels provided with an endothelium, Ne' 
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in the Octopoda there is a large venous sinus on the course of the 
blood returning to the gills ; this sinus surrounds the oesophagus 
and salivary glands, the hepatic ducts, the anterior aorta, etc., and 
communicates by a large venous trunk with the great vena cava 
which carries to the gills the greater part of the blood coming from 
the body. In Nautilus the whole visceral cavity is a vast blood- 
sinus communicating with the vena cava by a number of perforations 
in the walls of the latter vessel, in the same manner as, in Aplysia, 
the abdominal sinus communicates with the afferent branchial vein. 
The vena cava of Cephalopods consists of a principal trunk directed 
antero-posteriorly : this trunk in NautUus (Fig. 274, v.c) is divided 
into four, and in the Dibranchia into two afferent branchial veins, 
each of which is joined by a pallial and an abdominal vein (Fig. 
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277, v.c, p.v, ah.v). Each afferent branchial vessel and the terminil 
portion of each abdominal vein ia enclosed in the cavity of a kidne; 
and is covered externally by an excretory glandular coat (Figs. 271, 
a.r; 377, s.h) which forms the "spongy body" or essential part d 
kidney (see below). Except in Nautilus, each afferent vessel ii 
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expanded at the base of the gill into a contractile glandular swellii^ 
known as the " branchial heart," which is also provided with a ^and- 
ular appendage, the homologue of the pericardial gland of otbei ' 
Mollusca (Fig. 277, b.h, a.p). Both branchial heart and appendi^ 
are contained in the coelom (Fig. 273, c.v) in the Decapoda, but in 
the Octopoda only the appendage of the branchial heart is stu- 
rounded by the pericardial cavity (Fig. 278, ca). In addition to die 
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bnuichml hearts, a large part of the venous system is contractile, 
and this is notably the case with the vena cava and its two afferent 
branches. 

The venous blood is blue through the presence of baemocyanin, 
which becomes colourless on oxidation (oxy baemocyanin). The 
pressure of the blood in the arteries of the Cephalopoda is very 
considerable and exceeds that of some Vertebrates: in Octopus it 
amounts to eight centimetres of mercury. In the head of the 
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Dibranchia there is a lymphatic gland near each eye : this gknd is 
known as the " white body " (Fig. 268, w.b) and is the remains of 
a degenerate portion of the central nervous system of the embryo. 

The branchiae or ctenidia are situated in the pallial cavity on 
either side of the visceral mass. They originate posteriorly in the 
embryo, between the mantle and the foot (Fig. 257, gi), and after- 
wards sink in towards the bottom of the pallial cavity where their 
axes are inserted (Figs, 272, Br; 276), their free ends pointing 
towards the head. NaulUvs, the only living representative of the 
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Tetrabranchia, has two pairs of branchiae (Fig. 276). All other 
Cephalopoda have a single pair of branchiae, and thus constitute the 
order Dibranchia, much richer in living species than the Tetrabranchia. 
The branchiae are bipectinate (Fig, 372, Br), but in some Dibranchia 
the two aides of the organ are somewhat unequal in size. A 
branchia is composed of lameltae whose number varies in different 
forms, being least in the Octopoda, in which the axial branchial caviiy, 
separating the two rows of lamellae, is excessively developed. 
Each branchial lamella is thrown into transverae folds, which an 
in turn folded, so that the respiratory surface is largely increased. 




The branchiae are not ciliated, as they are in other Mollusca, the 
contractions of the muscular mantle sufficing to produce a current oi 
water sufficient for respiration. The rate of the respiratory move- 
ments of the mantle is variable, and is generally quicker in tiie 
Decapoda than in the Octopoda. 

In NaulUm (Fig. 276) the branchiae are free throughout their 
extent, but in the Dibranchia they are attached dorsally to th« 
mantle by their afferent borders (Fig. 272). A special glandular 
organ, whose function is not exactly known, is situated ajong the 
line of attachment : it receives the blood which, having circuJated 
through the nutrient vessels of the giU, has to pass through the 
kidney along with the venous blood from the mantle, to be returned 
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thence into the respiratory vessels of the branchia for oxj'getiatioD 
before it is finally carried to the heart. 

3. Excrel&ry Apparatus. — The coelom of the Cephalopoda is very 
extensive. It comprises the gonocoele and the pericardial coelom ; 
tiiese cavities communicate freely with one another (Fig. 252, coe) 
and are only separated by an incomplete septum, which is atrophied 
in Sepia. In Nautiliis this coelom extends into the ahoral region of 
the body and its genital division — which communicates with the 
pericardial division by three orifices in the septum — passes into the 
dorsal region and extends nearly as far forward as the middle of the 
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oesophagus (Fig. 270, x). But the pericardial coelom is a flattened 
ventral cavity situated immediately beneath the body-wall ; it contains 
the heart with its four auricles (Fig. 274) and the pericardial glands 
or portions of the follicular glandular appendages of the branchial 
vessels. In the Dibranchia, the coelom of the Decapoda contains 
the heart, the gonad, and the branchial hearts with their glandular 
appendages (pericardial glands, Fig. 273, c.b, z), but it is so much 
reduced in the Octopoda that it contains only the gonads and the 
appendages of the branchial hearts, its anterior part having dis- 
appeared (Fig. 278). 

In the Decapoda the coelom forms a vast pouch, with a 
constriction between the posterior or genital division and the 
Ulterior pericardial division, and it is produced into lateral annexes 
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for the lodgment of the branchial hearts (Fig. 273, c.v). In the 
Octopoda the anterior division no longer exiata ; the genital capsule 
is connected with the capsules of the appendages of the branchial 
hearts by long canals (Fig. 278, a.d), and even these are auppresaed 
in PhUonexis and ArgonaiUa. 

In all Cephalopoda each of the two divisions of the coelom is in 
open communication with the exterior. In the Dibranchia this com- 
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munication is effected through the kidneys : there is a reno-peri- 
cardial canal on either side which opens into the cavity of the kidney, 
more or less close to its external orifice (Figs. 273, y ; 277, r.p). But 
in NavtUus the pericardium opens directly to the exterior by means 
of two symmetrical orifices situated close to the posterior renal 
apertures (Fig. 276, viscper) ; these must be regarded as the orifices 
of the reno-pericardial ducts which have migrated to the surface. 
In the Octopoda, in which the pericardial division of the coelom 
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has disappeared, the anterior extremities of the capsules of the 

branchial hearte communicate with the Hdneyfl (Fig. 278, T.f). 

The renal capsulea are thin-wallod and somewhat voluminous 
sacs in all the Cephalopoda. In jVairf»/ws they are four in number, are 
ventral and superficial, and have no communication with one another 
OF, as has been explained, with the pericardium. Each of the four 
capsules has its own simple slit-like orifice (Figs. 275 and 376, 
n«pA.a, ■M'ph.'p), and each contains a small portion of the glandular 
appendages of the afferent branchial vessels, the appendices being 
formed by ramifications of these same vessels, covered by an 
excretory renal epithelium. The appendages situated on the other 
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side of these vessels, in the pericardial coelom, are also excretory 
organs, and constitute the pericardial glands. 

In the Dibranobia there are two renal capsules, also ventral and 
superficial ; these two kidneys are attached to one another in the 
median line in the Octopoda, and they communicate to a greater or 
leas extent with one another in the Decapods, with the exception of 
j^tru/a (Fig. 277, A). In the majority of the Decapoda the renal sacs 
extend as far as the lower sui'face of the shell, on the anterior or 
physiologically dorsal side, and are traversed in this region by the 
hepatic ducts. Each contains one of the two divisions of the vena 
cava (Fig. 273, t.s.v.c, r.d.v.c) as well as the terminal part of the 
abdominal vein. All these vascular trunks are covered by spongy 
glandular appendages (llg. 273, a.r), whose structure is similar to 
that of the corresponding parts of the renal organs of Nautilus; these 
^^ndages constitute the secretory portion of the kidneys. The 
external orifices of the renal sacs of the Dibranchia are situated 
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at their cephalic extremities ; they are symmetrically dispoeed on 
either side of the rectum (Fig. 272, r), on the somatic wall of the 
pallial cavity, and are more or less close to the pallial aperture, 
being further from the aperture in OmmcUostrephes (Oigopsida) than 
in Sepia (Myopsida). In the Decapoda Myopsida the renal orifices 
are situated on prominent papillae. 

The excretory products of the Cephalopoda consist, in part at 
least, of solid concretions, and do not contain uric acid, but chiefly 
guanin. 

The appendages of the branchial hearts of the Dibranchia (Fig. 
273, x) correspond morphologically with the pericardial glands of 
other MoUusca. The glandular investment of the branchial hearts 

is also excretory, experi- 
'''fv ^ /^'^ ment having shown that it 

plays the same physiological 
part as a pericardial gland. 
4. Nenxms System, — In 
all the Cephalopoda the 
essential parts of the 
nervous system are cen- 
tralised in the head, round 
the initial part of the oeso- 
phagus (Fig. 271, nx). In 
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missure being represented 
by a ganglionic half-hoop. Of the three half-hoops forming the 
central nervous system, one, the cerebral, is dorsal, and the two others 
are continuous with it and ventral. The more anterior ventral half- 
hoop is the pedal centre, the more posterior the visceral. The pedal 
centre innervates the funnel and the circumoral appendages, the pedal- 
origin of these organs being demonstrated by this innervation ia 
the adult. In the female each of the two large nerves passing to 
the interior ventral series of tentacles bears a large ganglion at the 
point where it breaks up into branches to supply the supposed 
olfactory or lamellar organ (Fig. 280, a;, y). The visceral centre 
gives off nerves to the mantle, the branchiae, and the viscera, the dis- 
tribution of these nerves being analogous to that of the Dibranchia 
described below. Finally, the dorsal or cerebral centre gives off nerves 
to the eyes, the otocysts, the lips, etc. A labial commissure is also 
present, arising by a double root (Fig. 279, VIII) from the cerebral 
centre and passing below the sub-radular organ ; and as is the 
case in the Polyplacophora, the Aspidobranchia, and the Scaphopoda, 
the stomato-gastric commissure arises from the labial commissure in 
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all Cephalopoda. In Nai^hn the etomato-gaetric commiasure passes 
under the pharynx immediately behind the radiiht and bears a 
buccal ganglion (Fig. 279, VII) on either side. 

In the Dibranchia the nerve-centres are much more completely 
enclosed in the cartilaginous cephalic capsule than in Nautilus, and 
consequently many nerves — notably the pallial nerve — traverse the 
cephalic cartilage at their origin. The cerebral centres themselves 
appear externally to be unpaired, and in the Decapoda they are 
divided transversely into a small anterior (Fig. 282, III) and a 
large posterior lobe, the latter being separated by some considerable 
distance from the former in various Oigopsida, such as Ommaio- 
skephes (Fig. 382, IV), Spimla, etc., but the distance is less in Sepida 




and Loliffo, and is very small in S^Ha. These two lobes are united 
by a pair of slender connectives, which are sometimes fused together 
for a certain distance. In the Octopoda, on the other hand, the 
cerebral mass is apparently single, the two lobes above mentioned 
being intimately fused together, and their limits are barely indicated 
by a transverse furrow, behind which is the posterior lobe with six 
longitudinal furrows on its surface. The cerebral centres of all the 
Dibranchia give off a large optic nerve on either side, each nerve 
expanding to form a very large ganglion, whose size is greater than 
that of the whole mass of the cerebral centres. A^ in Nautilus, a 
labial commissure is given off from the anterior part of the cerebral 
centres (Fig. 279, IX), and the stomtUo-gastric commissure originates 
from the labia! commissure. Finally, the cerebro-pedal pair of 
connectives issues from the anterior part of the cerebral mass ; 
these connectives are simple in the Octopoda (Fig. 281), but in the 



314 



THE CEPHALOPODA 



Decapoda there are two on each side, namely, the cerebro-pedal and 
the cerebro-brachial. The ventral or sub-oesophageal nervous mass 
is formed by the visceral and pedal centres : these are fairly closely 
united together (as they are, for instance, in Helix), and are only 
separated in the middle line to admit of the. passage of an aortic 
vessel which runs dorsad of the visceral and ventrad of the pedal 
centres ; a similar arrangement occurs in sundry Gastropods. 

The pedal ganglia are divided transversely into two distinct pairs, 
the anterior or brachial and the posterior or pedal ganglia proper 




Fig. 280. 

Diagram of the nervous system of a female Nautilus pompUivs, ventral aspect, cer, cerebral 
ganglion ; m, nerves to the mantle ; n.ivjibr, posterior branchial nerve ; n.ol/j olfactory nerve 
terminating under the olfactory papilla ; n.sup.bvj anterior branchial nerve ; n.vi8Cj genito- 
branchial nerve, or chief visceral nerve ; n-x, nerve accompanying the vena cava, which lies 
between this and the similar nerve of the right side ; ojf.p.p, the right olfectory papilla ; opt, 
optic ganglion ; ov, the oviduct ; ped, pedal ganglion ; p2, pallial part of the visceral ranglionic 
commissure ; x and y, ganglion-like enlargements on pedal nerves to the median lobe of the 
inner circlet of the circumoral tentacular lobes. (After Ray Lankester and Bourne.) 

(Fig. 282, XII, XIV). This division is most marked in the Oigopsida 
(Ommatostrephes, Spirvla, Fig. 268,^.^, etc.), but is less marked in 
Sepia. In all the Decapoda the brachial centres are divided anteriorly 
into ten large nerves which pass into the arms, and anastomose with 
one another at their bases. These centres also have connectives 
joining them to the anterior and the posterior cerebral lobes (Fig. 
282). In the Octopoda the brachial and pedal centres are much 
more closely approximated (Fig. 281), and the former naturally give 
off only eight nerves to the eight arms. The brachial nerve-centres 
extend, together with the arms which they innervate, round either 
side of the oesophagus, and in the Octopoda they meet dorsally and 
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are united by a thin supra -oesophageal commissure in the adult. 
The pedal centres proper supply nerves chiefly to the funnel, and 
thus correspond to the dorsal moieties of the pedal cords of 
Rhipidoglossa which innervate the epipodium ; but they also send 
fibres to the brachial nerves, and therefore, in conjunction with 
the brachial ganglia, control the locomotory functions. 

The pleural centres lie on the sides of the posterior part of 
the sub-oesophageal mass; they are but little differentiated and 
scarcely visible externally, and they give off the two great pallial 
nerves (Fig. 281, 'pX), The visceral 
centres are situated on the ventral 
side of the mass, and give off the 
large visceral nerves, which arise 
separately in Sjnnda and the 
Octopoda, but are more or less 
fused at their origin in Ommato- 
strephes, Sepia, etc. The pallial 
or "stellate" ganglia (Fig. 281, 
gang,stdl) are secondary centres 
on the course of the pallial nerves, 
and are situated on the internal 
wall of the mantle near its an- 
terior or dorsal border. These 
ganglia are connected by a trans- 
verse supra-oesophageal commis- 
sure, which is slender and is 
formed by the union of the two 
nerves of the pallial siphon in 
Spirula, is larger in sundry other 
Oigopsida (OmmatostrepheSy Ony- 
choteuthiSy Enoploteuthis, Gonakis, 
Veranya, Thysanoteuthis), is re- 
duced in Loligo, and is absent in 
the adult Sepiola. This commis- 
sure, together with the two fused 
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whereas the large pallial nerves of the Dibranchia are neogenetic 
structures, evoked by the great development of the mantle 
borders, which are reflected over and finally enclose the shell, 
and give rise to the fins, etc. In some cases the visceral nerves 
are also united by a commissure in the form of a transverse 
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bend lying near the bifurcation of the vena cava on the dorsal side 
of the rectum : this commissure may be seen in Spirula (Fig. 277, j), 
Sepia, and EledonSy and in Omwaiostrephes it bears a large ganglion, 
known as the ganglion of the vena cava. In OmmatostrepheSj 
Uledone, etc., there is yet another secondary nerve-centre at the 
origin of the brachial nerva 

The stomato-gastric system of the Dibranchia consists of a pair 
of conjoined ganglia situated below the oesophagus and immediately 
behind the buccal bulb (Fig. 282, XIII) ; these ganglia are united to 
the cerebrals (the anterior lobe in the Decapoda) by the intermediary 
of the labial commissure, as has been described above. They give 
off nerves to the alimentary canal, these nerves extending as far 
as the stomach, where they enter a large ganglion, an offshoot from 
which anastomoses with the visceral nerve. 

The structure of the nerve-centres of the Cephalopoda resembles 
that of other Molluscs ; they consist of a thick and continuous 
superficial layer of nerve ganglion cells beneath which is a fibriUar 
reticulum formed by the terminations of the centripetal nerve fibres 
and the prolongations of the superficial ganglion cells. These 
fibrillar centres are united by fibrillar connectives — namely, the 
cerebro-brachial, the cerebro-pleural, the pleuro-pedal, the pleuro- 
visceral, and the pleuro-brachial — many of which are short and 
covered over by the continuous layer of superficial ganglion cells. 

The Cephalopoda are well provided with sensory organs, possess- 
ing, in addition to the tactile structures, rhinophores, statocysts, 
and well-developed eyes. The sense of touch is more particularly 
localised in the arms of the Dibranchia and the tentacles of the 
Tetrabranchia. 

In all the Cephalopoda there is an olfactory organ situated near 
and below the eye on each side of the head. In sundry Oigopsida, 
such as Cheiroteuthis, Ctenopteryx (Fig. 259, ol), it is a projection, some- 
times pedunculated as in Cheiroteuthis and Doratopsis; in Nautilus 
it is a cavity hollowed out in a tubercle ; more generally it is a 
simple fossa of greater or less depth, as is the case in Sepia and 
the majority of the Dibranchia. The epithelium of this organ 
contains numerous sensory cells, and the nerve supplying it arises 
from the superior frontal lobe of the cerebral ganglion. This nerve 
is at first boimd up with and appears to branch off from the optic 
nerve near a little tubercle situated on the latter, but it receives no 
fibres from it. 

In Nautiltis the ciliated and lamellar pre-ocular and post-ocular 
tentacles are apparently accessory olfactory organs ; the ciliated 
interbranchial papilla of each side is placed on a sensorial area 
innervated by the fibres of the two branchiae (Fig. 280, n,olf). 
The post-anal papilla (Figs. 275, 276, x) is also ciliated, but is not 
supplied by any special nerve. In the Dibranchia the branchial 
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ganglion of Uledone and Omraatostrephes occupies a situation analo- 
gous to that of the osphradial ganglion of Gastropoda and Lamelli- 
branchia, but the epithelium overlying it is not sensory. It seems 
probable that an osphradium is not required in the Dibranchia, in 
consequence of the proximity of the olfactory fossa to the opening 
of the pallial cavity. 

The statocysts or otocysts are two in number, and are always 
closed vesicles in adult Cephalopoda ; they are essentially organs of 
equilibration. In NautUus they are situated at the sides of the 
pedal centres (Fig. 279, 0), and are closely applied to the cephalic 
cartilage. In the Dibranchia they are placed ventrally between 
the pedal and visceral centres (Fig. 282, X), and are wholly embedded 
in the cranial cartilage, being separated from one another only by 
a thin partition. The cavity of each otocyst is continued, in the 
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Central nervous system and anterior part of the digestive tract of OmmatostrepJies, left-side 
view. I, radula ; II, "anterior " salivary gland ; III, anterior buccal ganglia and commissure ; 
IV, cerebral ganglion ; V, section of the optic nerve ; VI, oesophagus ; VII, left pallial nerve ; 
VIII, "posterior" salivaiy gland ; IX, visceral ^nglion and nerve ; X, seat of the otocysta ; 
XI, infundibular nerve ; XU, pedal ganglion ; XIII, stomato-gastric ganglion ; XIV, brachial 
gan^on and beginning of the five left brachial nerves; XV, labial commissure; XVI, 
"tongue" ; XVII, mouth. 

Dibranchia, into a small canal which is buried in the cartilage in 
the Decapoda but not in the Octopoda. This canal, known as 
"KoUiker's canal," ends blindly, and is the remnant of the em- 
bryonic connection of the otocyst with the exterior (Fig. 1 1 9, D, ot). 
The internal wall of the otocysts of the Dibranchia is not simple, 
but is raised into several well-marked ridges separated by furrows. 
The sensory epithelium is localised at the anterior end of the organ, 
and forms a macula acustica, and the essential part of the otocystic 
nerve terminates in this macula and in a lateral ridge. The nerve 
originates from the cerebral ganglion and traverses the pedal centre 
obHquely. In Nautilus each otocyst contains numerous otoconia, 
but in the Dibranchia there is a single otolith balanced on the 
principal macula acustica : this otolith consists of an organic and a 
calcareous moiety, except in Eledone, in which genus it is wholly 
organic. 

The eyes in all Cephalopoda are situated on the sides of the 
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head and are generally sessile. They are, however, pedunculatecf 
in many embryos (Fig. 290, (8), (9)) and in the adult Tamxtis (Pig; 
2 5 3, «) and other Cnuichiidae, and also in some Amphitretus (Octopod). 
The eye of Nautilus (Fig, 293, e) is an open vesicle with a minutt 
aperture (Fig, 6, A) : it is devoid of any kind of refractive apparatus 
and its internal retinal wall is pigmented throughout. In the 
Dibranchia the cavity of the eye is closed, as it is in the majortl; 
of Ciastropoda, and the ocular globe consists of the same essential 
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parts, viz. retina, cornea, and crystalline lens, with various accessory 
parts added, making it a very complex and perfect organ of visioD. 
The ocular globe is applied to the cephalic cartilage, is aometimffi 
contained in a more or less incomplete orbit formed by a wing- 
shaped expansion of the cartilage (Sepia), and is provided with a very 
large optic ganglion (Fig. 283, g.o). In the Dibranchia the retina 
occupies the inner part of the ocular cavity, and the rods are turned 
towards the light. The cornea is situated between the two scgmenta 
of the cuticular body forming the crystalline lens (Fig. 283, L): 
above the more superficial and smaller segment of the lens a fold of 
the integument forms a contractile iris, with a circular (Oigopaida) 



THE CEPHALOPODA 319 

or oval or often a reniform pupil (Loligo^ Sepia, Octopoda, Fig. 

2BS), A second more superficial fold forms an external false 

cornea, bounding the *^ anterior chamber " of the eye : the edges 

of this fold are not united in the Oigopsida but surround a wide 

orifice in the optic axis ; in the rest of the Decapoda and in the 

Octopoda the edges of the fold unite and completely close in 

the anterior chamber, but in several cases a very small hole or 

" lacrymal pore " is left (Sepiola, Sepia). Finally, another fold, 

external to the false cornea, forms a transverse or inferior eyelid ; 

this structiu:e is best developed in the Octopoda, in which group 

the eye can be completely covered in by the contraction of the 

circular orifice of the eyelid. 

The retina really consists of a single layer of cells surmounted 

by rods or rhabdomes, but the latter are extremely long, so that 

the retina is very thick. Each rhabdome is in relation to at least 

four retinal cells, whose prolongations extend into its interior, and 

each of these latter is related to two rhabdomes. A limiting layer 

of special cells is formed at the level where the retinal cells are 

joined to the rods. Below this limiting layer pigment is distributed 

through the retinal cells, especially in their lower ends and towards 

their upper extremities : in the dark all the pigment granules are 

Collected at the bases of the cells, as in the Vertebrates and 

Arthropoda. 

The cuticular crystalline lens is the product of both the internal 
and external surfaces of the true cornea. Its two segments are 
formed of successive concentric layers. The external segment is 
the less prominent of the two; the internal segment, which cor- 
responds morphologically to the crystalline lens of Gastropoda, is 
much more convex and larger, but it does not occupy the whole 
of the ocular cavity or "posterior chamber" of the eye. The 
remainder of the cavity is filled by a semi -fluid vitreous body, 
as is the case in the majority of the Gastropoda. The eye of 
Dibranchia can be accommodated for near and distant vision by 
variation of the distance between the lens and the retina ; con- 
sequently these animals are never presbyopic. 

In a few genera of Cephalopods there are sensory organs which 
appear to be thermoscopic eyes. They are situated beneath the 
integument, and in Cheiroteuthis grimaldii are found on the ventral 
side of the body and on the dorsal aspect of the fins. These 
organs consist of a large lenticular and highly pigmented chromato- 
phore, beneath which is a flattened nerve-ending, surrounded by 
large transparent cells. 

5. Ee^oductive Apparatus. — In all the Cephalopoda the sexes are 
separate, and sometimes there is a well-marked sexual dimorphism. 
As a rule the males are more slender {e,g, Loligo media) or smaller 
than the females, but in Nautilus the cephalic hood and the 
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aperture of the shell are wider in the male than in the female. 
The maximum of sexual dimorphism is found in Argonauta^ in 
which genus the males are much smaller than the females : the 
latter may attain to fifteen times the length of the other sex, and 
they have an external shell and the characteristic enlargement of 
the dorsal arms (Fig. 301, IV), both of which features are absent in 
the males. Generally speaking, the males are also distinguished by 
the phenomenon of hectocotylisation, which consists in a curious 
mod^cation for copulatory purposes of a part of the pedal circum- 
oral crown (see p. 323). 

It has been shown that the majority of the Cephalopoda are 
hyperpolygynous, that is to say, the males are less numerous than 
the females : thus in some species of Loligo the males are to the 
females as 15 : 100, in Octopus as 25 : 100, and in the six specimens 
of Spirula hitherto examined only one was a male. Nautilus pom- 
pilius, on the other hand, is hyperpolyandrous, but in N. macrompTudus 
more females have been found than males. Again, in those Octopoda 
in which the hectocotylus is autotomous, the males appear to be 
more numerous, for as many as four hectocotyli have been found 
in the pallial cavity of a single female. 

The ovary or testis of the Cephalopoda is single and median ; 
it is situated near the aboral extremity of the body in the coelom, 
and is, in fact, nothing more than a projection from the wall of the 
latter cavity (Fig. 252, gg). The gonaducts open into the coelomic 
cavity, without being directly continuous with the gonad (Figs. 278, 
o.d, and 286, V, II); they I bear accessory glands on their course 
(Figs. 284 and 286, I, VI, VII), and their external apertures are 
on the somatic wall of the pallial cavity (Figs. 275, pe, Lsp; 276, 
r.ov, l.ov). The male duct has no copulatory organs at its extremity, 
but in the Dibranchia a single arm (or two arms in Spirula and 
Idiosepion) and in Nautilus a part of the circumoral crown is modified 
for the purpose of fertilisation : this modification is temporary and 
periodic in the Dibranchia, permanent in NaviUus, 

The females of nearly all the Oigopsida (Thysanoteuthidae, 
Ommatostrephidae, Onychoteuthidae, Gonatidae, etc.), and of th© 
Octopoda with the exception of the Cirrhoteuthidae, are the onljr 
members of the Cephalopoda that preserve the primitive number 
of two functional and symmetrical gonaducts. In them the two 
oviducts originate near the same point in the genital capsule of 
the coelom (Fig. 278), and their external orifices are more deeply 
(aborally) situated in the pallial cavity in those forms in which 
the hectocotylus of the male is caducous. In Nautilus there is 
only a single functional gonaduct, situated on the rightf side, but 
its left homologue is always present in the form of a rudimentary 
duct known as the " pyriform appendage " (Lankester and Bourne), 
which is provided with an external orifice (Fig. 284, Pyr) but has 
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no internal communication with the coelom. The artery of the 
pyriform sac forms a symmetrical pair with that of the right 
gonaduct, so that there can be no doubt as to the homology of the 
former organ. On the other hand, all the male Dibranchia and 
the females of Spirula, the Myopsida and the Cirrhoteuthidae, have 
a single gonaduct, and this always on the left side (Fig. 272, g). 

The ovaries and testes, as well as their ducts, are strictly com- 
parable with one another from a morphological point of view, but 
they differ somewhat in structural details. The ovary is simply 
a portion of the wall of the coelom from which the ova originate. 
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Fig. 284. 

Diagrams of the male and female generative organs of the pearly Nautilus, to show the 
relation of the rudimentary duct of the left side to the testis and ovary respectively, and of th«» 
cardiac ventricle to the organs of both sides. Ventral aspect. Ac, accessory gland of the male 
apparatus ; Alh, albuminiparous gland of the female apparatus ; Fo, foramen in the membrane 
which attaches the pyriform appendage to the ventricle and to the testis or ovary (this foramen 
places two portions of the viscero-pericardial sac in free communication with one another) : 
L.G.Oy left genital orifice ; iV, Needham's sac in the male, in which the spermatophores are 
formed ; 0, ovary ; P, penis ; Pyr, Owen's pyriform appendage, attached by a membrane to the 
ventricle of the heart, and also to the testis or ovary ; R.G.O, right genital orifice ; T, testis ; 
r, canliac ventricle, with its four branchial veins. (After Ray Lankester and Bourne.)* 

This region generally forms a conspicuous projection, into which the 
coelomic epithelium is deeply invaginated in such a manner as to 
constitute an ovarian cavity communicating with the genital coelom 
by a narrow aperture. The ova that originate from the wall of 
this ovarian cavity are no longer superficial cells of the wall itself, 
but have emigrated below the ovarian epithelium, have grown in 
size, and have come to project into the cavity of the ovary, carry- 
ing the epithelium before them, in the same manner as the ova of 
many Amphineura and of Psevdokellya. The ova which thus lie 
beneath the true coelomic epithelium also become surrounded by 
an interior follicle formed at the expense of the cells in their 
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neighbourhood This follicle is nounshed by an important vascular 
supplj and its surface of contact with the ovum ia increased by the 
formation of equatonal and mendional folds {Fig. 385, /o) which 
penetnte into the substance of the ovum and secrete the vitellus. 
This vitellua forms an increasingly Urge part of the mass of the 
ovum and pushes the formative protoplasm and 
the nucleus up to its narrower pole oppxjeite to 
the peduncle of attachment. 

W hen mature the ovum acquires a chorion 

vith a micropyle escipch by dehiscence of ite 

bxttrnal envelope into the coelomie cavity or 

genital capsule (tigs 2t2, cm; 978, ?.c), and 

^n. ^^- " I>aBsea into the genital duct. In its passage 

through the oiiduct the egg traverses a more 

or less voluminous glandular enlargement of the 

(^oTan?i^ '/'"otuis" d"*^t situated on the wall of the genital capsule 

toiiiote Bi, vitellus itself in Afluit/ii? at the middle of the duct in 

(Aft*T Huilsj Bill Pel , , r - f 1 J 

Boneer) the Octopoda, near the free extremity of the duct 

in the Dei-apoda. This glandular enlargement is 
formed of two distinct portions m the Octopoda (Fig. 278, o.g) and is 
feebly developed in Argonauta, whose eggs are protected by the 
external shell. In addition to the true oviducal glands there are 
other accessory glands, unrelated to the genital ducts, in female 
Cephalopods. ITiese are differentiations of the wall of the pallial 
cavity, and occur on the pallial wall in Nautilus (Fig. 270, n), but 
on the somatic wall in the Ilibranchii. In the latter order thej 
fonn two distinct masses, one on either side of the rectum, whereas 
in Nautilus they form a continuous mass (Fig. 276, g.n). In certain 
Oigopsida {BnoploUulkis, Cranchia, Leachia) and in the Octopoda 
these organs are absent. In the Dibranchia these "nidamentary" 
glands open near the genital orifice, and are generally aci 
by a second pair, as, for example, in Sepia ; they prodi 
external envelopes of the eggs, formed by an elastic substance which 
hardens rapidly on contact with the water. 

In the male, the testis is the specialised portion of the coelonuc 
wall from which the spermatozoa are developed (Fig. 286, III) ; ite 
structure is comparable with that of the ovary. The spermatcMS, 
when mature, pass through an orifice into the genital capsule 
properly so called, and thence into the spenniduct which originateB 
from the wall of this capsule and opens externally into the pallid 
cavity, on the right side in Nautilus (Fig. 275, pe), on the left side 
in the Dibranchia (Fig. 286, VIII). Certain glandular pouches and 
a terminal reservoir are found on the course of the spermiduet. 
Nautilus has only one glandular pouch, but in the Dibranchia 
there are, as a result of specialisation, two pouches: (1) the 
vesicula seminabs, which is a simple enlargement; (2) the prostate. 
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The terminal reservoir ia known ae Needham'a sac or the spermato- 
phore sac (Fig. 286, VII). Between the vesicula seminalia and the 
jirostate the spenniduct may exhibit a small tubule wliich opens 
into the coelom (Sepia), and in exceptional cases {PhUonexis) the 
deeper part of the spermiduct may be divided into two canals, 
both of which open into the portion of the coelom containing the 
testis. 

The sperm lies free in the initial part of the spermiduct, but 
when it reaches the first ghindulai- pouch it begins to be surrounded 
by a tube-shaped envelope or spermato- 
phore. In the Dibranchia these tubes 
are completed in the interior of the 
prostate, and are then arranged parallel 
to one another in tlie reservoir or 
spermatopbore sac When mature they 
are passed directly from the genital 
duet into the funnel, the terminal 
papilla of the spermiduct being ex- 
tended for this purpose, and thus they 
enter the hectocotylised arm. Each 
apermatopbore consists of an elastic 
tube invaginated into itself ; the deeper 
part of the invagination constitutes the 
spermatic reservoir, and the more ex- 
ternal part, forming the connective, is '" 
greatly contracted and often coiled into 
a spiral. When the ripe spermato- 
phore is expelled the connective is 
extended and evaginated, carrying in 
its interior the reservoir which causes 
it to burst: the reservoir in its turn 
splite open and allows the spermatozoa j 
contained in it to escape. These struc- ^^ 
tures, which are comparable to the "oei 
apermatophores of certain pulmonate ^ 
GastApoda, are generally rather small ; g™ 
but they attain a length of eight centi- 
metres in Eledom, and in the Octopoda with an antotomous hecto- 
cotylus, they are as much as fifty centimetres long when unrolled. 
In Nauiilus their structure is simpler : they have the form of coiled 
tubes and are little more than thirty centimetres long. 

The organ of copulation in Natitilus is the spadix, in the 
Dibranchia the hectocotylised arm. The spadix of IfautUus is a 
modified region — comparable with the hectocotylus — of the interior 
ventral lateral lobe. The modification is persistent and involves 
four tentacles, which are united to form a projection contained in a 
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coiDmon sheath and provided with a circular glandular area : the 
eight remaining tentacles of the lobe are unaltered. The modifica- 
tion usually afiecte the left eide (Fig. 255, 'p), but it has also been 
observed on the right On the side opposite to the spadix the four 
corresponding tentacles are isolated from the other eight and 
constitute the so - called antispadix. In the Dibranchia the 
hectocotylised arm of the Decapoda generally belongs to the last 
pair, counting from the anterior or dorsal face, that is to say, the 
i, but to the third pair in the Octopoda. 
In the majority of the Oigopsida.it is 
the left fourth arm that is hectocotylised 
(Onychoteuthidae, Ommatostrephidae), as 
is the case in Loligo and Stpw. \ in Hossia 
and Sepiola the fourth left arm is hecto- 
cotylised and the fourth right partially 
so ; in Idwsepkm and Spinila both arms 
of the fourth pair are hectocotylised, and 
in the last named they are contained in. 
a common envelope. In the Octopoda 
the third left arm of Scamrgus, the third 
right arm of Octopus and Etedone, and 
the second of the right side of Cirrholeuthis 
are hectocotylised. In EnoplofeutKts, 
Eled(me, and Octopus the extremity of 
the hectocotylised arm is modified and 
assumes the shape of a spoon ; in >Si^ 
the base of the arm is afi'ected, the 
modification consisting in the disappear- 
ance of the suckers ; in Idios^non and j 
liossia and Loliolns the suckers disappear ! 
over nearly the whole length of the artDj j 
and in the two first named a longitudinal ; 
membrane is developed along its exterior i 
aspect and abundant mucous glands along 
its internal surface. In some Octopoda 
'"vciltrai ^^^ hectocotylised arm is still more pro- 
t'hB right foundly modified, inasmuch as it is auto- 
d, third,' tomous. This peculiarity is found in 
oftiiriiBctocotjiiU7»,''oien'iaii"it ^^ Philonexidae and Argonautidae. In 
d2SS^"S^r"mpi°etr(?'™l,' ^^'^ *"'! Treimctopus the third right 
i^nkater, «tter Oegenbaut.) arm is modified (Kg. 287, h), in Argmuaiia 
the third left; but in all these genera 
the modified arm constitutes a veritable heotocotylus, that is 
to Bay, a caducous organ. This hectocotylus originates, and 
apparently also is regenerated, in a capsule or cyst in which it 
lies coiled up on itself : being shielded from the light, it is 
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decoid of chromatophoree. Eventually the membrane of the 
cyat bursts and remains attached to the dorsal surface of the arm, 
forming the spermatophore sac. The uncoiled arm is pedunculated, 
that is to Bay, is attenuated towards its base, and it bears at its 
extremity a little pouch (Fig. 287, a;) containing a long filament, 
which is extended prior to the act of fertilisation (Fig. 287, y). The 
spermatophore sac communicates with a canal in the interior of the 
arm, and this canal is continued into the terminal filament and 
opens by an orifice at its free extremity. The hectocotylus when 
detached is able to live and move about for a considerable time, 
until finally it penetrates into the pallia! cavity of a female and 
fixes itself in the neighbourhood of the genital aperture. In those 
Bi branch i a in which the hectocotylus is not autotomous the 
hectocotyiised arm (or arms) is inserted into the pallial cavity of 
the female (Fig. 288, 3) in such wise as to deposit the spermato- 
phores in the terminal portion of the oviduct in Oclopiis, or to fix 




them in the neighbourhood of the oviducal orifice in Bossia and 
Sepiola. In Sepia and Loligo the spermatophorea are simply deposited 
on the ventral lobee of the buccal membrane, and in Nautilus they 
are deposited on the folded lamellae on the ventral side of the 
buccal orifice (Fig. 255, m). 

The eggs are laid shortly after copulation. In Nautilus they are 
laid singly, each egg being about four centimetres long and surrounded 
by two thick shells, the outermost of which is partly open (Willey). 
In the Dibranchia the eggs are aggregated together, but in the 
Octopoda and in Sepia, Sepiola, and Rossia each egg has a separate 
envelope, whereas they are united to form longer or shorter gela- 
tinous strings, which are joined together and fixed by one extremity 
in Loligo, but are single and fioating in the pelagic Oigopsida. In 
Etedone only about sixty eggs are laid at one time, in Octopis more 
than a hundred, and some species of Loligo lay more than 40,000 
e^B.' Some Octopods are incubatory : the female Argonavia, for 
example, protects the eggs in the shell peculiar to her sex. 
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III. Embryology. 

Our knowledge of the embryology of Cephalopoda is confined to 
the Dibranchia, the development of Nautilus being unfortunately 
still unknown. The ovum is remarkable, even in the cases of 
Nautilus and the ovarian ovum of Spirula (Fig. 285), for the 
enormous quantity of yolk contained in it. In contrast to all 
other Mollusca, the segmentation is incomplete : at no period does 
the ectoderm completely cover in the vitelline mass, so that there 
is no proper blastopore, or rather the blastopore is enormous and 
is represented by that part of the vitellus that is not covered by 
ectoderm (Fig. 290, (2), (3), e). This peculiarity in the development 
of Dibranchia, however, is only an exaggeration of the phenomena 
observable in the epibolic ova, provided with an abundant yolk, of 
certain Gastropoda (Fig. 10, B), and it has been shown that in the 
archaic Dibranchia (the Oigopsid Cephalopod of Grenacher, Fig. 

119, D, vi) the quantity of yolk is less than ,: 
in the other members of the order, and that 
the ectoderm extends much farther over it. 
As the formative protoplasm is localised 
at the narrower end of the egg, the segment- 
ation is restricted to this end (Fig. 289, U)y 
and results in the formation of a germinal 
disc or embryonic area. In the course of 
subsequent development the embryo is like- 
wise restricted to this end, and never covers 
^^^ ^ the whole surface of the vitelline mass, on 

Fig. 289. which it appears to be seated (Fig. 291). 

Egg of Loiigo in the first The extent of the embryonic area and of 
segmentation stage, u, the the free surface of the yolk are in inverse 

four first blastomeres ; n, . _ •' i • it 

vitellus. (After Watase.) ratio to One another : the external vitelliDe 

mass is smaller in Loiigo than in Sepff^ 
smaller still in Argonauta, and reduced to a minimum in the 
Oigopsida (Fig. 119, D). 

The embryonic area forms the ectoderm : the so-called peri- 
vitelline or yolk membrane is formed as a proliferation of cells 
from a limited part of the periphery of the ectoderm, the region 
of proliferation marking the anal side. The cells thus formed 
migrate over the whole surface of the yolk and form a layer of 
scattered nuclei investing it (Fig. 290, (7), A). At a later period 
the same anal edge of the periphery of the embryonic area gives 
rise to a second cellular layer, the endoderm : it is at first erescentic 
in shape, but subsequently becomes ring-shaped, and eventually 
forms a continuous circular sheet below the ectoderm (Teicfamann). 
At a still later period the ectoderm gives rise to cells constituting 
the genital rudiment and other mesodermic elements : these cells 
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also originate at the anal side of the blastoderm, behind the place 

where the shell gland is formed externally, and extend in the form 

of a crescent, right and left, between the ectoderm and endoderm, 

toward the anterior part of the blastoderm. After the mesoderm 

has been established in this manner, a thickened specialised portion 

of the endoderm constitutes the rudiment of the mesenteron and 

forms a little vesicle lying close upon and widely open to the 

yolk, and situated in the middle line, below the posterior part of 

the mantle, between the rudiments of the two branchiae (Fig. 

290, (6), r). This vesicle is the rudiment of the alimentary tract ; 

it ultimately gives rise to the stomach, the two lobes of the 

liver (which are separate from the first), and the intestine (Fig. 

290, r). 

The oesophagus and its annexes, viz. the radula, the salivary 
glands, etc. (Fig. 290, (7), /, 5), are formed by a precocious stomodaeal 
invagination, and the anus is formed later, by an excessively short 
proctodaeal invagination. Thus the mouth arises relatively near to 
the nutritive or vegetative pole, as it does in other Mollusca, and 
the less abundant the yolk, the nearer it is to the vegetative pole, 
as in the Cephalopod of Grenacher (Fig. 119, D). 

The mantle arises in the middle of the embryonic area (Fig. 257, 
|w), and in its centre is the shell gland, but the borders of the latter 
structure are reflected inwards and approach one another to form 
the shell sac. In certain highly differentiated Octopoda {ArgonoMta, 
Ray Lankester) the shell sac disappears before it is closed up, but 
in the Decapoda, with the exception of Spirula, it is completely 
closed, and it grows pari pasm with the mantle (Fig. 290, t), while the 
shell develops within it. Posteriorly to the mantle, between it and 
the epipodium, appear the bud-like rudiments of the branchiae (Fig. 
290, (6), n), and the folds that form the branchial lamellae gradually 
make their appearance and become in their turn folded. As 
development advances the pallia! cavity becomes deeper, and the 
branchiae are gradually covered by the mantle. 

Throughout the earlier part of embryonic life the cephalic mass is 
excessively large (Fig. 290, (8), (9)), but its preponderance insensibly 
diminishes in subsequent stages. This cephalic mass is formed by 
the antero-lateral regions of the embryonic area, and it bears the 
rudiment of an eye at each posterior corner (Fig. 290, (9), d). 

During these earlier phases of embryonic development the 
mouth is not in any sense surrounded by the circumoral append- 
ages. The foot, in fact, is at first formed by the lateral and 
posterior borders (Fig. 257, 1, 2, 3, 4, 5) of the embryonic area, 
and these borders are rapidly divided into ten projections in the 
Decapoda, or eight projections in the Octopoda and the Cephalopod 
of Grenacher (Fig. 119, D). But in the course of development 
these lobes, while they grow in length, also advance gradually 
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along the sides until the most anterior of them reach the mouth 
(Fig. 291), and becoming united in front of it, eventually surround 
it completely. 

A paired epipodial outgrowth, the origin of the funnel, is formed 
early in development : its two posterior lobes become prominent and 
bend inwards toward one another (Fig. 290, $'), thus establishing the 
condition which is permanent in the adult Nautilus (Fig. 276), but 
finally, in the Dibranchia, they fuse together completely and form a 
perfect tube. 

All the nervous centres — the cerebral, optic, visceral, and pedal 

—are formed separately as proliferations of the ectoderm. The 

pedal centres give rise, by subdivision, to the ganglia of the arms. 

The eyes (Fig. 292, A, B) and otocysts originate as invaginations 

of the ectoderm, which eventually close up. The otocysts arise 

Fio. 290. 

Development of Ldigo. (1) view of the cleavage of the egg during the first formation of 
embryonic cells. (2) lateral view of the egg at a little later stage ; a, limit to which the layer 
of cleavage-cells has spread over the egg ; b, portion of the egg as yet uncovered by cleavage- 
cells ; ap, yolk membrane cells ; fcp, cleavage-pole where first cells were formed. (3) later 
stage, the limit a now extended so as to leave but little of the egg-surface (b) unenclosed ; d, 
eyes ; e, mouth ; u, mantle sac. (4) later stage, anterior surface, the embryo is becoming 
nipped off from the yolk sac (g). (5) view of an embryo similar to (3) from the cleavage-pole or 
centro-dorsal area. (6) later stage, posterior surface. (7) section in a median sagittal plane 
of an embryo of the same age as (4). (8) view of the anterior fiace of an older embryo. (9) view 
of the i>osterior face of an embryo of the same age as (8). Letters in (3) to (9) : — a, lateral fins ; 
6, mantle-skirt ; c, supra-ocular invagination to form the " white body " ; d, the eye ; e, the 
mouth ; ep, outer layer of the embryo ; /i, /2, p, /*, /o, the five paired processes (arms) of the 
foot ; g, rhythmically contractile area of the yolk sac ; h, dotted line showing internal area 
occupied by yolk ; k, first rudiment of tbe funnel ; /, sac of the radula ; m, stomach ; vies, 
mesoderm ; n, rudiments of the gills ; 0, the otocysts ; p, optic ganglion ; q, distal portion of 
the ridges which form the funnel ; r, vesicle-like rudiment of the intestine formed independ- 
ently of the parts connected with the mouth ; s, rudiment of the salivary gland ; t, the closed 
shell sac ; u, the open shell sac, formed by an uprising ring-like growth of the central dorsal 
area ; w, the mantle-skirt commencing to be raised up around the area of the shell sac. (After 
Lankester.) 

laterally on the sides of the foot outside the epipodium (Fig. 290, 
(6), 0) ; they close up at a relatively late period, often retaining a 
rudiment of the original external canal, and then approach one 
another till they come in contact in the median line. When the 
ocular cavity is closed, the external part of the crystalline lens is 
formed separately from the internal segment. At the sides of 
the optic ganglia a pair of cellular masses, formed by ectodermic 
invaginations, becomes the white bodies of the adult (Fig. 290, c) ; 
they are the relics of a pair of embryonic ganglia (lateral cerebral 
lobes). 

The coelomic cavity is hollowed out in the mesoderm as two 
symmetrical spaces, right and left of the intestine ; it gives rise to 
the kidneys and the pericardium. The two kidneys are formed 
independently of one another in their definitive positions. The 
heart is also formed from the pericardial wall as two paired 
rudiments. Finally, a portion of the coelomic wall gives rise to 

4- 1>% y\ ^^^^'v\0% r4 
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The vitelline mass diminishes insensibly during the growth of 
the embryo, and is for the most part absorbed at the time of 
hatching. The yolk sac is independent of the stomach, and is only 
in contact with it over a small area in the middle line. 



Vl^ 




Fig. 291. 

Embryo of Septa officinalis^ on its vitellus, left-side view, an^ anus ; 6r, gill ; i.lo.l^ in vagina. — 
tion of the lateral cerebral lobe ; na, fln ; po, mantle ; rit, vitellus. I, II, III, IV, V, the fiv^^^ 
left armH. 

IV. Bionomics and Distribution. 

All the Cephalopoda are marine, and very active animals. The_^y 
swim rapidly by expelling the water from the pallial cavity throu^ "1 
the funnel, sometimes with so much violence that they can sprii^i^g 
for some distance out of the water (Ormnatostrephes), The fii 
of the Dibranchia are organs of balance rather than of locomotio- 
All the Cephalopods are in the highest degree carnivorous : mai 





Fio. 292. 

Diagrams of sections showing the early stage of development of the eye of Loligo, when it 
is, like the permanent eye of NavtUns, an open sac. A, first appearance of the eye as a ring- 
like upgrowth ; B, ingrowth of the ring-lilce wall so as to form a sac, the primitive optic 
vesicle. (After Lankester.) 

of them destroy a large number of edible fish and Crustacea, but, on 
the other hand, many of the pelagic forms fall a prey to the toothed 
whales. 

Some Cephalopods attain to a very considerable size : the body 
of some species of Architeuthis^ without the head, may measure tw» 
and a half metres in length, and when the head and extende 



THE CEPHALOPODA 331 

tentacular arms are taken into account, they may be from twelve to 
eighteen metres long. Hence these Mollusca have given rise to 
various fabulous tales, and they have been known by man from 
the remotest periods of antiquity, as is evidenced by their representa- 
tions on some of the most ancient monuments from Mycenae, Egypt, 
and Greece. 

In the present day some four hundred species of Cephalopoda 
are distributed throughout all the seas of the world. Some species, 
especially those with a short and rounded pallial sac, such as the 
Octopodidae and Sepiola, are strictly littoral — indeed Sepiola and also 
Bossia are fossorial in habit. Other species are inhabitants of the 
open sea, and among these various forms of Oigopsida dwell in 
great depths: Spirula is found down to 1000 fathoms; Cranchia 
^d Bathyteuthis down to 1700 fathoms; Histiopsis at a depth of 
nearly 2000 fathoms; Calliteuthis at 2200; and Clieiroteuthis 
<Jown to 2600 fathoms. Many of these deep-sea Oigopsida are 
luminous. 

The history of the Cephalopoda extends back to the remotest 
geological times. Orthoceras and other forms allied to Nautilus, but 
^ yet uncoiled, are abundant in the most primitive Palaeozoic 
*Ormations. The subdivision of the Ammonitoidea, related to the 
Tetrabranchia, is distributed from the Devonian to the end of the 
Secondary period. The Dibranchia do not appear till the end of 
the Secondary epoch, during which they were characteristically 
^Represented by the Belemnitidae, a group which, like the Ammoni- 
toidea, became nearly completely extinct at the end of this period. 



V. Keview of the Orders, Sub-Orders, and Families 

OF THE Cephalopoda. 

The class Cephalopoda comprises two orders, the Tetrabranchia 
and the Dibranchia. Palaeontology, as well as morphology, shows 
that the Tetrabranchia {Nautilus, etc.), that is to saj^ the Cephalopods 
with multiple branchiae, auricles, and kidneys, and with an external 
chambered shell, are the most archaic. The Dibranchia are more 
specialised, inasmuch as they have lost the anterior branchiae, 
auricles, and kidneys, and their shell has become rudimentary. 
The earliest Dibranchia were descended from rectilinear forms with 
a multilocular external shell devoid of a rostrum, and they gave 
rise in turn to Spirula, the Belemnitidae, and the allied Oigopsida. 
From the last named were derived, as the result of a yet more 
profound specialisation, on the one hand the Myopsida, on the other 
hand the Octopoda, by the loss of the tentacular arms (already so 
much reduced as to be almost lost in some Oigopsida), and by the 
more and more complete atrophy of the shell. 
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Order 1. Tetrabranchia, Owen. 

ft 
In these Cephalopoda the whole of the visceral mass is protected 
by an external, multilocular, siphunculated shell, which may or may 
not be coiled ; only the last compartment of the shell is occupied 
by the body of the animal. The head bears numerous appendages 
in the form of pedal tentacles, which are retractile within sheaths 
(Fig. 293, te). The funnel is formed of two separate moieties. There 
are four branchiae, and four kidneys without reno-pericardial orifices. 
The pericardium opens directly to the exterior. The cephalic 
cartilage is wholly situated on the ventral side of the oesophagus 
(Fig. 270, A) and only supports the ventral part of the nervous 
centres. The eyes are open and have no crystalline lens (Fig. 6, A). 
The Tetrabranchia comprise two sub -orders, the Nautiloidea and 
the Ammonitoidea. 

Sub-Order 1. Nautiloidea. 

This group is distinguished from the Ammonitoidea by the initia 
chamber, which is in the form of an obtuse cone bearing on its summit as* 
" cicatrix," elongated dorso-ventrally and situated opposite the extremit^^ 
of the blind end of the siphuncle : it is probable that the siphuncle paBse(3i. 
through this cicatrix on emerging from a true initial chamber or proto— 
conch, which may have been uncalcified or caducous. The sub-ordexr 
comprises nearly 2500 fossil species, but only a few living species of the 
genus Nautilus. In certain fossil forms the aperture of the shell may be 
contracted to such an extent that the animal was probably able to protrude 
only the appendages of the circumoral crown, but not its head. These 
contracted apertures are said to be " composite " when they have lobefi of 
different form, as in GomphoceraSy Phragmoceras, etc. In these apertures 
the ventral part, corresponding to the funnel, is separated from the rest 
by a constriction, and constitutes the " hyponomous sinus " ; the remainder 
of the aperture is more or less lobate and corresponds to the external 
parts of the circumoral crown. The shell may attain to a length of two 
metres (Endoceras). 

Family 1. Orthoceratidab. Shell straight or slightly curved, with 
a simple aperture, a large terminal chamber, and a cylindrical siphuncle. 
Genera — Orthoceras, Breyn ; from the Silurian to the Trias. Baltoceras, 
Holm ; Silurian. Family 2. Actinoceratidae. Shell straight or 
slightly curved, with a wide siphuncle contracted at the level of the 
septa by rings or swellings. Genera — Actinoceras, Bronn ; from the 
Silurian to the Carboniferous. Discosorus, Hall ; Silurian. Huronioy 
Stokes ; Silurian. Loxocerasy MacCoy ; from the Silurian to the Carbon- 
iferous. Family 3. Endoceratidab. Shell straight, with a wide 
marginal siphuncle, the siphuncular necks produced into tubes which 
fit into one another. Genera — Endoceras, Hall ; shell straight ; from the 
Silurian. Family 4. Gomphoceratidae. Shell globular, straight or 
arcuate, the aperture contracted to the shape of a T. Genera — Gompho- 
ceras, Sowerby ; Silurian. Phragmoceras, Sowerby ; Silurian. Family 5. 
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Abcocekatidab. Shell straight, ampullifomi ; the enmmit truncated ; 
tbe terminal chamber occupies nearly the whole length of the shell on 
the ventral side. Genera— XiMceriw, Barramk ; Silurian. GlowKeras, 
Burande ; Silurian. Family S. Potekioceratidae. Shell straight or 
curved, fnuform, contracted at tlie two extremities ; the aperture simple ; 
the siphuncle contracted at the levels of the septA. Genera — Poterioceraa, 
MacCoy ; from the Silurian to the Carboniferous. Streptocerai, Billings ; 
Silurian. Family 7. Cyriocbhatidae. Shell slightly curved ; the 
aperture simple ; the siphuncle wide and tbe septa approximated. Genus 
— Oifrtocerat, Goldfues ; Devonian. 
Family S. Lituitidab. Shell 
coiled in one plane with the ter> 
loinal part uncoiled ; the aperture 
contracted. Genera — LUviUi, Bar- 
lande ; Silurian. Ophidiocerai, 
Barrande; Silurian (Fig. 261, A). 
Family 9. Trochoceratidae. 
Shell helic«idally coiled ; dextral 
or sinirtral ; the last whorl gener- 
ally uncoiled. Genera — Trodui- 
itrag, Barrande ; Devonian. 
Addphocera*, Barrande ; Devonian. 
Family 10. Naotilidab. Shell 
coiled in one plane ; the aperture 
wide and simple ; the siphuncle 
central Genera — Nautilus, Lin- 
naeuiS (Figs. 270 and 293) ; four 
living species are known from the 
Indian and Pacific Oceana ; they 
are gregarious, nocturnal animals, 
living at some depth. Troctwlilef, 
Conrad ; Silurian. Gyroceras, de 
Kooinck ; from the Silurian to 
the Carboniferous. Hercoceras, 
Barrande ; Silurian. Ptenocerat, 

>evonian (] 
DiseUee, MaoCoy ; Carboniferous. 
Family II. Bactritidae. .Shell straight, conical ; tbe aipliuncle narrow 
and marginal, and tbe sipbunculor necks long and iiifundibulirorm ; 
septa united to tbe shell by an undulating line. Qenus — -Hactrites, 
Sandberger ; Silurian and Devonian. 




Sdb-Order 2. Ammonitoidea. 

The Ammonitoidea are distinguished from tbe Nautiloidea by their 
initial chamber, which is spheroidal like that of tbe Belemnitidae and 
Spirulidae ; by their siphuncle, which is narrow and simple, whereas that 
of tbe Nautiloidea is wide, but often reduced in diameter by internal 
depoeite ; by their septa, which are generally couves on the side nearer 
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the aperture, instead of being concave as in the Nautiloidea ; finally, by 
the sutures (intersections of the septa with the shell), which form a more 
or less complex sinuous line, instead of being simple as in the 
Nautiloidea. 

Although the Ammonitoidea have a globular initial chamber which is 
absent in Nautiloidea (though it may possibly be present but caducous or 
not calcified in the latter group), their shell has the same structure as that 
of NaiUibis, and was indisputably external. The chamber containing the 
body of the animal is very deep, more so than in Nautilus. Like the 
Nautiloidea, the Ammonitoidea did not possess an ink-sac. A consider- 
able number of Ammonitoidea resemble such Nautiloid forms as 
Gomphoceras, Phragmoceras, etc., in having a contracted aperture, indicat- 
ing an analogous structure of the cephalopedal organs : such contracted 
apertures may be seen in Arcestes, Lohites, Stoliczkaia, and especially in 
Stephanoceras, but this contraction is carried to an extreme in Morphoceras 
pseudoanceps (Fig. 294). In this genus the aperture is almost completely 
closed by the lobes which form its borders and circumscribe five small 
orifices ; there is a central oblong orifice which probably corresponded to 
the mouth ; two circular lateral orifices, one on either side of the central, 
may perhaps have served as windows for the eyes ; and the two remaining 
orifices, which are partly limited by the preceding whorl, probably served 
for the passage of the pedal appendages, and do not correspond to any 
part of the contracted apertures of Nautiloidea. A calcified structure, 
consisting of a single piece (Anaptychus) or of two symmetrical moieties 
(Aptychus) is sometimes found in the terminal chamber of Ammonitoidea : 
its constant position shows that it could not have been an operculum, and 
it is supposed to have been a calcified cartilage situated at the base of the 
funnel. 

The Ammonitoidea are, geologically speaking, younger than the rest 
of the Tetrabranchia. They appeared in the Devonian and became com- 
pletely extinct at the end of the Secondary period. They were littoral in 
habit, and lived in troops like Nautilus. Some of the coiled forms are as 
much as seventy centimetres in diameter. More than 5000 species have 
been described, and it has been found necessary to divide the originally 
single genus Ammonites first into genera, then into families, and even into 
tribes. 

Tribe 1. Ketrosipbonata. 

The siphuncular necks project behind the septa as in the Nautiloidea. 
These are the most ancient Ammonitoidea, belonging exclusively to the 
superior Palaeozoic strata, from the Devonian upwards. The sutures of 
the septa form simple undulations, those which point backwards being 
known as ** lobes," and those which point forward towards the aperture 
as "saddles." 

Family 1. Goniatitidae. Shell nautiloid with simple sutures and a 
ventral siphuncle. Genera — Goniatites, de Haan ; Devonian and Carbon- 
iferous. Anarcestes, Mojsisovics ; Devonian. Family 2. Clymeniidae. 
Shell nautiloid ; sutures simple ; the siphuncle dorsal, that is to say, 
internal. Genus — Glymenia, Miinster ; from the Upper Devonian. 
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TaiBU 2. Fbosifhonata. 



The aiphuncular necks project in front of the eepta. The septal 
sutures present deeply indented lobes and saddles. 

Famut 1. Arcebtidae. Globular and smooth or nearly sniooth 
forms, with a reduced umbiliciw ; the tercninal chamber very deep, 
occnpjiDg nearly a whole whorl of the spire; an aptychus present. 
Genera — Popanoceriu, Gemmellaro ; Permian. Oyclolobu^, Waajjen ; 
Permian. Areata, Mojsisovics ; Trias. Loi/Uu, Mojsisovica ; Trias. 
Fa^lt 2. Tropitidak. The sheila globular, but differing from those of 
die Arcestidae' in having radiating and tuberculated costae Genera — 
ThaloMioceTai, GemmellMO ; Permian. Tropitet, Mojsisovics Trias 
Sprite*, Mojsisovics ; Trias. Fauilv 3. Ceratitidab. Shells coiled 
vith a large umbilicus ; the terminal chamber short sutures with 
Simple saddles. Genera — Trackijaras, Lauhe ; Lpjier Triaa beraMte 
de Haan ; Trias. DmaHUt, Mojsiwvics ; Trias Some genera with 
lielicoidal shells are related to these coiled forms \n CocMoceras 
Sauer ; Trias : also some straight forms, e g Rkabdo erat Hauer Trias 
tbey have been pl&ced in distinct families bv some authors F vmily 4 
PlNACOCKRATiDAE, Shell compressed, smooth the t«iminal ohambei 
short ; the suture very complicated, couiei Genus — PiTuuocerat 
Mojsisovics ; Trias. Family 5 Phillocbratidae, Shelh coiled tht 
whorls overlapping one another the suture formed of numerous lobes 
and saddles. Genera — Pkyiiucerm, '^ itss Juraiiaic Bhacopkylhtei> 
ZitteL Family 6. Lstocbratidak Shell discoid the whirls looselj 
nnit«d or uncoiled ; the sutures deeply indented but with only three 
saddles and lobes. Genera — Lytocerai, Suess Jurassic anl CrttaLeoin 
liaeroscapkites. Meek ; uncoiled and leturved Cretateous. Hamttes 
Parkinson ; flexed three times Cretaceous Pty hoceras d Orbignj 
Cretaceous. Turrilites, Lamarck coiled in a, sinistral helicoidal spire 
Cretaceous. Baculites, Lamarck , the adult straight and elliptic in 
section ; Cretaceous. Family 7 Ammovitidae Shell coiled with 
narrow whorls which do not embrace one 
another ; aperture simple ; a horziy anapty- 
chus present Genera — Ammonitet, Lamarck ; 
Jurassic Arielites, Waagen ; Jurassic Aego- 
cerat, Wa^en, Lias. Family 8. Harpockra- 
TIDAE. Shell discoid and flattened, with a 
carinated border ; the aperture provided with 
lateral projections ; a calcareous aptychus, 
formed of two pieces. Genera — Harpoceras, j, g 14 

Waagen ; Jiiraeaic Oppelia, Waagen ; Jurassic. p^^™ p^„ ^ ^fch 

Liisoceraa, Bayle ; Jurassic and Cretaceous. ''''*"'*J^„°"?''l"''"^j"^' 
Family 9. Amalthbidae. Shell flattened, bucMiiortnot'''(Aft«r i^uWUM 
with a prominent carina continued anteriorly 

into a I'ostrum. Genera — Amaltheiis, Montfort ; Lias. Oardioceras, 
Neumayr ; Jurassic Schloeniackia, Neuraayr ; Cretaceous. 'Family 10. 
Siephasoceratidae. Shell not carinated, but with radiating costae, 
which are often bifurcated ; aperture often provided with lateral pro- 
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jections which contract it ; aptychiis formed of two pieces. Genera — 
Stephanoceras, Waagen ; Jurassic. Morphoceras, Douvilld ; Jurassic 
(Fig. 294). Perisphitictes, Waagen ; Jurassic. PeUoceras, Waagen ; 
Jurassic. Hoplites^ Neumayr ; Cretaceous. Acanthocerns, Neumayr ; 
Cretaceous. Cosmoceras, Waagen ; Jurassic. Various more or less com- 
pletely uncoiled forms are related to this family, viz. Scaphites, Parkinson ; 
Cretaceous. Crioceras, d*Orbigny ; Cretaceous. 

Order 2. Dibranchia, Owen. 

In these Cephalopoda the external surface of the visceral mass 
is naked and is only ,protected by a more or less rudimentary 
shell, which is situated on the aboral surface and covered by the 
integuments of this region. The female A- onauta is the only 
member of the group that has a wholly extej^al shell, but this is 
not adherent and is secreted by the dorsal arms. The head of the 
Dibranchia bears eight acetabuliferous arms, and there is frequently 
a fifth pair of more or less retractile arms, situated between the 
third and fourth pair (Fig. 295, te). The funnel is always a com- 
pletely closed tube (Figs. 287, 301, etc.). There are two branchiae 
and two kidneys, each of the latter having a pericardial orifice 
(Fig. 273, y). The cephalic cartilage is traversed by the oesophagus 
and encloses all the principal nervous centres. The ocular cavities 
are closed and the eyes have a crystalline lens (Fig. 283). Chromato- 
phores are present in the integument and an ink-sac is generally 
present. The Dibranchia include two sub-orders, the Decapoda and 
the Octopoda. 

Sub-Order 1. Decapoda. 

In this sub -order, in addition to the eight pairs of normal arms, 
there is a more or less well developed "tentacular" arm situated between 
the third and fourth normal arms, on each side of the head. These 
tentacular arms are more or less retractile within special pouches, and 
as a rule they only bear suckers at their free extremities. The suckers 
are pedunculated and provided with horny rings. The eight normal 
arms are shorter than the body. There is generally a fairly well 
developed internal shell, and there are usually lateral fins of various 
width (Figs. 295, 296, etc., fi). The heart lies in a coelomic cavity. 
Nidamentary glands are usually present. 

The Decapoda comprise two tribes, the Oigopsida and the Myopsida. 

Tribe 1. Oigopsida. 

The members of this tribe are characterised by the presence of a 
wide orifice, occupying the optic axis, in the external false cornea of the 
eye. As a rule two oviducts are present. In the fossil genera the shell 
has a multilocular phragmocone with a siphuncle ; the initial chamber of 
this shell is globular and larger than the second chamber. The most 
ancient forms are characterised by the small size of the rostrum, the 
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Blight development of the pro-oatracum, and the large dze of the 
phragmocone. The group ia probabl; derived from the straight 
Tetrahranchia, such as Bocfritei. In the living genera, with the 
exception of jSpiruio, the aliell ia a chitinoua gladiUB. 

Fahilv 1. B&LBUNOTEDTHIDAB, Zittel. An eitinct family in which 
the shell has a well- developed phragmocone and the rostrum is reduced 
to a calcareous envelope auiroiinding it ; the Hiphuncular necks are 
directed backwards, as in the Nautiloidea ; there were ten equal arms 
provided with hooks. Genera — PkragmoteiUhu, Mojsisovics ; Triaa. 
SelemnoteiUhu, Pearce ; Juraaaic and Cretaceous (Fig. 262, A). Aetttilha- 
teiUhU, Wagner and Afonster ; Jurassic Family 2. Aclacocbrathiae, 
Fischer. An extinct family in which the shell is formed of a phragmocone 
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with widely distant septa ; the siphuncular necks are directed anteriorly ; 
the rostrum is well developed and claviform. Genera — AiUacocerae, Hauer ; 
Trias. Alraetites, Giimbel ; Trias and Jurassic. Xipkolevthii, Huxley ; 
Lias. Famili 3. Belbhnitidab, de Blainville. An extinct family 
with a short phragmocone provided with a ventral siphuncle and 
prolonged dorsally into a long pro-ostracum ; the rostrum highly 
developed and cylindricaL Genera — Belemnitet, Lister ; 350 species 
from the Jurassic and Cretaceous. D^loconus, Zittel ; Upper Jurassic. 
Famili 4. BbiiOpteeidae. Hostrum and phragmocone well developed ; 
the phragmocone often curved ; the initial chamber small Genera — 
Bdoplera, de Blainville ; £ocene. BayanoteulMt, Munier-Chalmas ; 
Hkicene. SpirvUTOiiTa, d'Orbigny ; Miocene (Fig. 262, C). Family 5. 
Spibclidae, d'Orbigny. The two dorsal and ventral sides of the aboral 
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extremity of the shell are left uncovered by the mantle (Fig. 29fi). The 
shell is calcareoDB, coiled endogastrically, multilocular aad siphuncnlated 
(Fig, 268, sA). The fins are posterior. Oenns — Spirufa, Lamarck ; three 
living species are known ; they live at great depths, and only a few entire 
individuals have been obtained : live speci- 
mens are very rarely seen. Fauily 6. 
Okhatostrefhidae, Oill. Hie shell is in- 
ternal and cliitinous, ending aborally in a 
little hollow cone. The t«ntacular arms are 
rather short and thick. The sackers have 
denticulate rings. Qenera — Omnu>loitr<pA«s, 
d'Orbigny ; fins aboral, simple, and rhom- 



t. cerebnl gajiglin; 




ispect. I. II 



luitle : II, tsoUculir anu : III, Sn ; 
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boidal (Fig. 297) ; British. CtenopUryx, Appellof ; fins pectinate, as long 
as the body (Fig. 269). Sathyttutkis, Hoyle ; fins terminal, rudimentary; 
tentacular arms filiform ; abyssal. Rhyndutteutkis, Chun ; tentacular arms 
united Inform a beak-shaped appendage. SympUcMtuihis,PieiSei. Trachdo- 
t&uthii, Steenstrup. Dtmdicus, Steenstrup. ATAUevXhis, Stcenatrup ; this is 
the giant genus among the Cephalopoda. Fauilt T. Thtsanoteuthidae, 
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Kefentein. Arms enlarged, bearing two rows of Buckera and filaments. 
Fins triai^iilar, extending along the whole length of the body. Qenua — 
7ftj(wiiiirfeu(hu,Tro3cliel(Fig.298,B); Mediterranean. Family 8. OsYoao- 
TBUTHiDAE, Gray. Fins terminal. Tentacular arms long ; the suckers 
proTided with hooks. Qeneia — Ow^chaUuthis, LichtenBtein ; the hook- 
bearing sQckere exist only on the well-developed tentacalar arms. Enoplo- 
teuthis, d'Orbigny ; tentacular arms well developed ; hook-bearinR suckers 




on all the arms. Veranya, Krobn , body very short ; iins obtuse ; 
tentacalar arms atrophied in the adult , Mediterranean Chavnoleutkii, 
Appellof ; body elon^ted ; fine prominent and pointed ; tentacular 
arms atrophied. Plerygioteuthin, Fischei. Ancutroteutkis, Gray. .il6ra/iu, 
Gray. TeteotmUkii, VerrilL Lepidoteuihit, Joubin. Family 9. Gona- 
TIDAE, Hoyle. Body elongated ; fins terminal. Radula with only two 
lateral teeth. Genus — Qonatue, Gray. Fauilt 10. Cheibotbdtbidab, 
Gray. Tentacular arms long and not retractile. Body elongated ; fins 
lai^ and rounded. Resisting apparatus well developed. Genera — 



340 THE CEPHALOPODA 

CheiroteiUhis, d'Orbigny ; with suckers along the whole length of ihe 
peduncle of the tentacular arms (Fig. 298, A). DoratopsiSf Bochebrune ; 
body much elongated, ending in a spine ; dorsal arms very short (Fig. 296) ; 
Atlantic and Mediterranean. HistiotetUhis, d'Orbigny ; the six dorsal arms 
are united by a membrane ; the body covered with photogenous organs. 
Histiopsis, Hoyle ; the membrane of the dorsal arms only reaches half- 
way up the arms ; luminous organs present GalliteuthiSf Verrill ; no 
brachial membrane ; luminous organs present Grimalditevihis, Joubin ; 
the fin of each side is divided into two separate lobes : no tentacular 
arms (Fig. 268). Family 11. Cranchiidab, Gray. The eight normal 
arms are very short. The eyes prominent The fins small and terminal. 
Genera — Granchioy Leach; body bursiform ; sessile arms short; fins 
entirely aboraL LoligopsiSy Lamarck ; body elongated, conical ; tentacular 
arms slender. Leachia^ Lesueur ; tentacular arms aborted ; the funnel 
without a valve (Fig. 298, C). TaoniiLs, Steenstrup ; body elongate ; sessile 
arms rather short ; eyes pedunculated (Fig. 253). 

Tribe 2. Myopsida. 

The members of this tribe are characterised by having a closed 
external cornea, and by having only a single oviduct, viz. that of the 
left side. The internal shell has no longer a distinct phragmocone, and 
is calcified (Sepiidae) or simply chitinous. The Myopsida are more 
littoral in habit than the Oigopsida. 




Pig. 298M». 

Sepia officinalis, swimming, right-side view, o, anns; fi, flns; fu, fUnnel. (After 
Merculiano.) 

Family 1. Sepiidae, d'Orbigny. Body wide and flattened ; fins 
narrow and extending the whole length of the body (Fig. 298^). Shell 
calcareous and laminated, forming the " sepion." Genera — Belosepia^ 
Voltz ; a rudiment of the rostrum and phragmocone present ; Eocene. 
Sepia^ Linnaeus ; shell with a rostrum (Figs. 262, B, and 299) ; British. 
Sepiella, Steenstrup ; shell without a rostrum. Family 2. Sepiolidae, 
Leach. Body short, rounded at the aboral end ; fins rounded, inserted 
on the middle of the length of the body. Shell chitinous, narrow 
and shorter than the body, or absent. Genera — Sepiola, Leach ; head 
united to the mantle in the anterior (dorsal) region ; a fossorial British 
genus. Rossiay Gray ; head not united to the mantle ; British. 
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<Sfol[if«ufAi^ VeTrill, and JntotMif^M, Yerrill, hare no internal eiliell. 
JiitertimOat, Graj. E-ayr^nvna, SteenBtrup. Fahily 3. Idiosepiid&K. 
■Jteengtrup. Body elongSited, with rudimentary termioAl fins. Internal 
shell almost lost Qenns — /rfioMpim, Steenstrup ; this tiny Cephalopod 
's only 1^ centimetre long, and has a mucous pore at the aboral 




Stf\a aJNcinoZli, doi 



extremity of the body ; it inhabits the Indian Ocean. Family 4. 
Sepiadariidae, St^enstnip. Body short ; the mantle fused to the head 
anteriorly (doraally). No shelL Genera—iSepiodirium, Steenstrup ; Una 
ahort, situated at the aboral extremity of the body ; from the Paciflo Ocean. 
SepidUAdfa, d'Orhigny ; tins nearly a* long as the body ; Australian. Fahily 
5. LoLiGiNiDAE, Leach. Body eloi^led and conical i flns triangular or 



343 THE CEPHALOPODA 

ronnded, aod extending farther forward thau the aboral half of the body. 
TentEMular arma partly Tetractile. The ahell ia a well-developed cliitinoue 
gladiuB (Fig. 263). Qeoera — Loligo, Idunarck ; fins triangular, confined 
to the aboral half of the body ; British. SepioieuihU, de Blainville ; fins 
prominent bnt rounded, extending over the whole length of tbe body. 
Lidiobii, Steenatrup. Loliguncida, Steenstrup. The following fossil 
genera, known by their gladius and ink-sac, have been placed near 
Loligo : — Tevihoptit, Dealongohampa. BeloUulhii, Miinster, and GeoleutKit, 
from the Lias, and PhyllotetUhii, Meek and Haydec, from tbe Cretaceous, 
are distinguiahed by their broader gladius. Ples^iteutkis, Ws^er, from 
the Juresfflc and Cretaceous, has a long and narrow gladius. 




(After tlinu *nd Ikeda.) 

Sub-OedbR 2. OCTOPODA. 

These Dibranchia have only eight arms, which are all similar and 
are longer than the body. The body is short and rounded aborally. 
Tlie suckers are sessile. Tbe heart is not contained in the coelom. 
There are no nidamentary glands. The Octopoda comprise two tribes, 
the LeiogloBsa and Tracbyglossa. 

Tribe 1. Lbioolosba. 

The inembera of this tribe have no radula. All the arms are united 
tc^etber by a complete membrane. Fins are developed on tbe sides of 
the body. 

Family Cirrhotbdthidab, Keferstein. Arms united by a mem- 
brane, and bearing tentacular filaments on either side of the suckers 
(Fig. 260). Genera — Cirrholmithu, Eschricht ; the pallial sac prominent 
and the fins large ; a pelagic form. OpistkoteuthU, Verrill ; body 
flattened, with small fins ; a deep-sea form (Fig. 300). Vampyrotetitiiit, 
Chun ; four fins. Some fossil Octopoda bearing fins are known ; e.g. 
Palatoctvput, Woodward, from the Cretaceous. 
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Tribe 2. Trachyolossa. 



These are Octopoda with a radula and without true tins. 

Paiolt 1. AupHiTRGTiDAE, Kojle. The fnimel ia attached to the 
middle line of the mantle, dividii^ the pallial aperture into two. The 
eight arms are united by a roembraae. Genus — ^mpfti(rrtu«, Hoyle ; 
pelagic. Faiolt 2. Allopobisab, Verritl. All the arms united by a 
membrane. The mantle ia joined to the head by a dorsal band and two 
lateral commiMures. Qenns — AXhypogM, Yerrill ; pelagic. Fauilt 3. 
OcTOPODiSAE, d'Orbigny. Arms long and equal, without a true inter- 
brachial membrane. The hectocotylne ie not caducous. No cephalic 




aquiferous porea. Oenera — Odopm, Lamarck ; the suckers in two rows 
on each arm ; British. Sledone, Leach ; a single row of suckers on each 
arm ; British. Scaeurgw, Troachel. Pinnoetoput, d'Orbigny. OUtopus, 
Gray. Japettlla, Hoyle. Family 4. PHiL0NE3n)A&, d'Orbigny. Males 
and females naked. The hectocotjlus is antotomous. The arms are un- 
equal in size but similar in the two sexes. Aquiferona pores are present 
on the head and funnel. Genera — Treiruxlopus, Delle Chitye ; the two 
dorsal pair of arms are united by a membrane. Oeytkoe, Rafinesque ; 
without on interbrachial membrane (Fig. 287). Family 6. Abgo- 
NAUTISAB, Oantraine. The hectocotylised arm autotomoua. The ex- 
tremities of the dorsal arms ore enlarged in the female (Fig. 301), and 
secrete a shell in which the body is contained. The males are very small 
and naked. Genus — Argoiumta, Linnaeus. 
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Columellar, 84 
ComineUa^ 164 
Commissure, 16 
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Comiective, 16 
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DexichrandiaecL, 173 
Dialineury, 142 
Diartemaf 155 
Diauly, 126 
Dibranchia, 336 
Diceras, 271 
Dicerocardium^ 267 
/)mya, 262 
Dimyacea, 262 
DinariteSy 335 
Dinomenia, 60 
Biploconus, 337 
DiplodontOi 265 
Diplommatina^ 152 
Bipsacus, 164 
Disdiides, 204 
Biscites, 333 
Biscohelix, 147 
Biscosorus, 332 
Bitremariaf 147 
Ditremata, 189 
Docoglossa, 145 
BolabdlOf 171 
Botabrifer, 171 
Boliwriy 157 
Doiioic, 270 
Bondersitty 60 
BoratopsiSy 340 
Boridium, 169 
Doridomorpha, 177 
Boridopsis, 178 
BoridunculuSi 178 



Z)om, 178 
Bosidicus, 338 
Bosintttt 270 
Z)oto, 179 
Breiasensia, 264 
Z>rt^Zia, 120 
Dtwflra, 267 



Eastonia, 270 
^cAtnoTTtenio, 60 
EgltsiOt 158 
Elasmognatha, 189 
Bledone, 343 
Elendius, 149 
Eleutherorbabda, 253 
EligmibSy 263 
jKZiawi, 273 
^Zy«ia, 181 
Elysiomorpha, 181 
JthnargintUa, 149 
Embletonia^ 179 
Endoceras, 332 
Endodontaf 188 
Endogastric, 77 
EnoplochUoUy 54 
Enoploteuthisy 339 
i^'n^, 274 
Entalinay 204 
EnteroosenoSf 160 
Entocolttx, 169 
Entoconcha^ 159 
Entodesmoy 277 
Entosiphon, 158 
Entovalvot 266 
Eolidomorpba, 178 
^oZw, 179 
Eoplacophora, 53 
EotrodmSf 155 
J^^t^T^t^m, 257 
EphippodorUa, 266 
Epiphragm, 73 
Epipodium, 70 
^ato, 167 
ErodonOy 273 
ErvUia, 270 
ErycinUf 265 
Ethdla, 134 
Eucalodium, 188 
EiidiryscUiSf 154 
Etidroa, 277 
Evdoxochitoiif 54 
Eulamellibranchia, 262 
EiUiina, 158 
Eunema, 160 
EiwmpfuzluSf 147 
EuphemuSf 147 
EuplocamuSy 177 
Euprymna^ 340 
Evihria, 164 
Euthyneura, 166 
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Eutrochatella, 160 
Exogastric, 74 

Facelina, 179 
Fasciolariat 164 
Faunua^ 154 
Feniasacia, 188 
Filibrancbia, 256 
Fiona, 180 
Firoloida, 163 
Fischeria, 266 
Fissidentalium, 204 
FisavnreUa, 149 
Fissurellidea, 149 
Fistulana, 274 
Fluxina, 168 
Foot, 68, 199, 216, 286 
Foot gland, 70 
Fartisia, 168 
Fossarus, 152 
Fotderina, 173 
Fryeria, 178 
FvXgur, 164 
Funnel, 291 
Fumspira, 154 
FtMtiaria, 204 
Ftisus, 164 

Oadinia, 185 
GcUatea, 266 
OaUommcLy 266 
Oalvina, 179 
(76»^ra7ia, 268 
Gastrocfiaena, 274 
Grastropoda, 66 
Gastrqpteron, 169 
G^ojsa, 149 
GeUina, 179 
&e?ia, 149 
Geomalactis, 187 
Geoteuthis, 342 
Gervilleia^ 259 
6^t&&t«^, 149 
GibbtUina, 189 
Gladius, 293 
Glandina, 189 
Glaucomya, 270 
Glattcus, 179 
(?^66a, 170 
Glochidium, 251 
Gloasoceras^ 333 
Glycimeris, 274 
Glyphis, 149 
Gmnphoceras, 332 
Gonad, 20 
Gonaduct, 20 
GonatuSf 339 
GoniatUes^ 334 
Gonieolis, 179 
GoniodoriSf 177 
Goniomyai 276 



Gonodon, 265 
Gosseletia, 262 
Grammysia^ 256 
Greadya, 276 
GrimaMUeiUhiSy 340 
Gryptochitonidae, 63 
Guivillea, 165 
GuncUachia, 186 
Gymnosomata, 173 
GyroceraSy 333 

Haemocyaiiine, 10 
J7a/ia, 166 
HaZicardia, 277 
ffaliotinella, 174 
Haliotis, 148 
Ualopsyche^ 173 
Hamiiiea, 169 
Hamites, 336 
Hancock's organ, 116 
Hartley a, 53 
Hapalics, 187 
Barpa, 166 
ffarpocera^, 335 
Harvdla, 270 
Hectocotylus, 324 
^edyfe, 179 
HelctoUf 145 
Helcioniscus, 145 
ffelicarion, 187 
ffelicina, 150 
Helicodonta, 187 
ffelicophantat 187 
Helicter, 188 
i/eZia:, 187 
Hemiarthnimf 63 
ffemifustis, 164 
Hemimenia, 60 
Hemphillia, 188 
Hercocera^t 333 
ffercynelktj 185 
Hermaea, 181 
Hermaphroditism, 19 
iTero, 179 
Heroirwrphay 179 
Heterocardia^ 270 
Heterochisnui, 204 
Heterodoris^ 178 
Heterogangliata, 1 
Heteropoda, 160 
Heterostrophic, 82 
Ueteroteuthis, 340 
Hexabranchtbs, 178 
Hiinella, 273 
Hindsidlay 266 
Hinge, 213 
Hinnites^ 262 
HipponyXj 165 
JlippopttSy 271 
Hippurites^ 272 
HistiopsiSy 340 



Histioteuthis, 340 
Holobranch, 45 
Holognatha, 186 
Homalogyra, 153 
ffomcdonyx, 189 
Boplites, 336 
Hoplomytilus, 262 
Hoplopteron, 158 
Huronia, 332 
HyaliTnax, 189 
Hyalcpecte7i, 262 
Hybocystis, 162 
ffydatina, 169 
ffydrobicty 153 
HydrocerM, 151 
Hyperstrophic, 82 
Hypobranchial gland, 79 
Hypostracum, 4 
Hypotrema, 257 
/Tyria, 268 

IchthyodeSt 60 
IchthyosarcolUes, 272 
7c?a/ia, 177 
/(ia«, 269 
IdiosepitiSy 341 
Imbricaria, 164 
InioteuthiSy 340 
Inoceramusy 260 
Insertion plates, 42 
Iphigeniaf 270 
IridinOy 268 
IsandOy 160 
Ischnochitorif 63 
Isidora, 107 
lamenia, 60 
Isocardia, 264 
Isodonta^ 
Isomyaria, 211 
Isopleura, 1, 40 

Janella, 189 
Janthina, 156 
Janus, 179 
JapetellOf 343 
JeffreysioL, 153 
Joanisidla, 266 
Jorunna, 178 
Jouannetia, 275 

Katharina, 63 
Keber's organ, 233 
iTe^o, 266 
Kdlyella, 266 
Kokendla, 147 
Kruppomenia, 60 

Labial commissure, 16 
Labial palp, 218 
Lachesis, 164 
Lacuna^ 152 
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LaeocochliSt 154 
LameUariOj 156 
Lamellibranchia, 205 
Lamellidoria, 178 
Lanistea, 152 
Laoma, 188 
LasaeOf 266 
Zo^io, 186 
Laiirus, 164 
Leachia^ 340 
Ze(^ 255 
Leiblein's gland 93 
Leioglossa, 342 
Lepeta, 145 
ZepetdlOj 145 
Zepidomenia, 60 
LepidopUurtu, 53 
Lepidoteuthis, 339 
L^ptochitofif 53 
Leptoconchua, 165 
Lepton, 266 
Leuconidt 184 
Ligament, 213 
i^tmo, 263 
Z/imoano, 170 
Limaetif 263 
Limapontia, 181 
Limax, 187 
Limifos80T^ 63 
Limnaea^ 185 
Limnocardium, 271 
Limnotrochus, 154 
LimopsiSf 258 
Limopteriaf 260 
lAolophura^ 54 
Liomestuty 164 
LiopisthUt 278 
lAotia^ 150 
Lipocephala, 205 
LissoceraSt 335 
LUhocardiunif 271 
LUhodomus, 259 
Lithoglyplvas^ 154 
LUiopa, 153 
Littorina^ 152 
Idttorinida, 154 
LUuiteSf 333 
Liver, 7, 44, 95, 200, 220, 

301 
Livona, 149 
Lobes (accessory cerebral), 

137 
Lobiancoiat 96 
Lobiger, 169 
Lcbites, 335 
Zo%o, 342 
Loligopsis, 340 
Loliguncvla, 842 
LolioluSf 342 
LomanotuSf 176 
Lopfiocercus, 170 



Lorica, 54 
LoriceUaj 54 
LooBOceraSf 332 
Loxonerna, 154 
Z4«cajp»na, 149 
Lucapinella, 149 
Z>i^7ia, 265 
Ludncpsia, 270 
I/unvZicardium^ 261 
Luteiia, 266 
Lutraridy 274 
Lyonsia^ 277 
Lyonsieila, 277 
LyrodesmOj 259 
LytocernSf 335 

MaceUomeniOf 60 
MacgiUivraya, 140 
Moiclurea^ 147 
MaclurUeSf 150 
Afacoma, 268 
MacrochiltiSf 154 
Macrochisma, 149 
Macroscaphites, 335 
Mantra, 270 
MagiltLs, 165 
Malacozoa, 1 
MaUetia, 256 
Malleus, 260 
Mandibles, 6, 88, 299 
MangUiOf 166 
Margarita, 149 
Marginella, 
MarioniUf 175 
Marsenina, 156 
Martesia, 275 
MatheroniOy 272 
Mathilda, 155 
Meekia, 265 
Megalaesthetes, 50 
Megalodon, 267 
Megaspira^ 188 
Megatebennus^ 149 
Meladomus, 162 
Melampus, 184 
Melania, 154 
Melanopsis, 154 
Meleagrina, 260 
Jife/ifte, 175 
Mentum, 158 
Meretrix, 270 
Merobranch, 45 
Mesalia, 155 
Mesodesma, 270 
Mesolimax, 187 
Mesoplacophora, 53 
Metalimax, 187 
Micraesthetes, 50 
Micromelo, 169 
Microplax, 53 
MUneria, 264 



Miratestc^ 185 
ifi^m, 164 
Mitrularia, 155 
Modiola, 259 
Modioiarca, 264 
Modiolaria, 259 
Modiolopsis, 259 
Modiomorpha^ 259 
Modulus, 154 
MSlleria, 150 
Monoceros, 165 
Monochroma, 187 
Monocondylaea, 268 
Monodonta, 149 
Monemyaria, 211 
Monopleura, 272 
Jfono^is, 261 
Montacuta, 265 
Mopalia, 53 
Morphoceras, 836 
Mucnmalia, 158 
Mulinia, 270 
MuUeria, 268 
Midler's organ, 291 
Murchisonia, 147 
Murex, 164 
MtUela, 268 
MutieUa, 265 
J/ya, 273 
Myacea, 273 
Myalina, 262 
Mycetopus, 268 
Myochama, 276 
Myoconcha, 259 
Myodora, 276 
Myophoria, 259 
Myopsida, 340 
Myrina, 259 
Mysidea, 262 
Mytilacea, 259 
MytUimeriu, 277 
MytUus, 259 
Myxa, 158 
Myzomenia, 60 

Nacella, 145 
xVamno, 81 
Narica, 165 
Na^sa, 164 
Na^sopsis, 154 
Natica, 156 
Naticopsis, 160 
Nautiloidea, 832 
NavtUus, 333 
Navarchus, 169 
Needham's sac, 323 
NeituUoinenia, 60 
Neohyalimax, 189 
Neomenia, 60 
Neomeniomorphu, 55 
iV>o^^u97ia, 152 
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Nephric gland, 111 
Nerineti, 154 
Nerita, 150 
Neritinaf 150 
NerUodomuSf 150 
Neritopsis, 150 
NUo, 158 
Notarchu8y 171 
Notohranchdeaf 173 
Notomenia^ 60 
Nuchal plate, 264 
NuculOy 255 
iVi^ct^tna, 256 
Nudibranchia, 174 
Nuttalochiton^ 53 

Octopoda, 342 
Octopus, 343 
Ocytho€j 343 
Otion^omaria, 147 
Oc^ontop^ma, 260 
OdostomiOj 158 
Odoatomiopsis, 168 
Oigopsida, 336 
O^AZcino, 189 
OZiixi, 165 
O^tveWo, 165 
Ommatostrephes, 338 
Omphalotropis, 152 
OnddieUa, 190 
OncidiopsiSf 156 
Oncidiumf 190 
Oncospira, 150 
OnisciOf 157 
Onitochiton, 54 
OnychotevMs^ 339 
Oocorys, 157 
Oi>ea«, 188 
Operculum, 71 
Ophidioceras, 333 
OphUeta, 147 
C^, 264 

Opisthobranchia, 167 
Opisthopodium, 216 
Opisthoteuthis, 342 
C^elia, 335 
OTpiellOy 187 
Orthalicus, 188 • 
Orthoceras, 332 
Orthoneura, 114 
Oscaniella, 174 
Oscaniopsis, 174 
Oscanitis, 174 
Ostracoletfie, 187 
Ostraea, 263 
Ostraeacea, 263 
O^wto, 184 
Otocardia, 1 
Otoconia, 119 
Otocrypt, 18 
Otocyst, 18 



Otoliths, 18, 119 
OvtUa, 157 
Oxygyrus, 163 

PachycardiOy 267 
PachyrismOf 267 
Pcdaeacma, 145 
Palaeocoucha, 256 
PalaeoctopuSf 342 
Po/io, 177 
Palliata, 1 
PcUvditva, 152 
PaludomuSj 154 
Pandora, 276 
Paracephalophora, 66 
Paraolione, 173 
ParaZldodon, 258 
Paramenia, 60 
Paramya, 273 
Parapodia, 69 
Pararhopalia, 60 
PannaceUa, 187 
Parvmrion, 187 
Patella, 145 
Patrocardium, 261 
Pearls, 213 
Pectew, 262 
Pectinacea, 260 
Pectinibranchia, 151 
Pectinodonta, 145 
PectuncvltLs, 258 
PedictUaria, 157 
Pedipes, 184 
Pedum, 262 
Pelecypoda, 206 
Pdtella, 188 
Peltoceras, 336 
Peradis, 170 
Pergamidea, 262 
Pericardic glands, 13 
Pericardium, 12 
Periostracum, 4 
Periploma, 275 
Perisphinctes, 336 
Pema, 259 
Peronia, 190 
Perrsona, 157 
Peter sia, 157 
Petricda, 270 
PhaneropMhalmv^, 169 
Phanerotinus, 147 
Phasianella, 150 
PMiw«, 169 
Philobrya, 258 
PhUoinycus, 187 
Phleboedesis, 8 
PholadeUa, 276 
Pholadidea, 275 
Plwladomya, 276 
P/io^, 275 
P/105, 164 



Photinula, 149 
Phragmoceras, 332 
Phragmoteuthts, 337 
Phyllaplysia, 171 
PhyUidia, 178 
PhyUirho€, 175 
Phyllobranchus, 181 
Phylloceras, 335 
PhyllotetUhis, 342 
PAysa, 186 
Phythimya, 276 
PUeclus, 160 
PUidium, 145 
Pinaeocems, 335 
Pintia, 264 
Pitmigena, 264 
Pinruxitopus, 343 
Pisania, 164 
Pisidium, 267 
Placiphorella, 53 
PUicophoropsis, 53 
Pla^una, 267 
PUicunanomicL, 257 
Plagiodon, 268 
Pla>gioptychu>s, 272 
PlaJcQbranchus, 181 
Planaxis, 152 
Planktomya^ 33 
PlanoHns, 185 
PkUyceras, 155 
Platychisma, 147 
Platydoris, 178 
Platymalakia, 66 
Platyodon, 273 
Platypoda, 167 
PUixipfiora, 63 
Plecto7nya, 276 
Plectrcphorus, 71 
Plesioteuthis, 342 
Pleural ganglion, 112, 201, 

234 
PleurcbraiichaetL, 174 
Pleurobranchomorpha, 173 
Pleurcbranchus, 174 
Pleurocera, 154 
Pleurodonta, 187 
Plearomya, 276 
Pleurophorm, 264 
Pleurophyllidia, 180 
Pleurotoma, 166 
Pleurotoinaria, 146 
Plicatula, 262 
Pliodon, 268 
Plocamopherus, 177 
Plutonia, 186 
Pnewnonoderma, 173 
Podocyst, 136 
Polycera, 177 
Polyconites, 272 
Polygyra, 187 
Polyplacophora, 41 
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Hytrenuiria, 147 

^omatioA, 152 

'omatiopsiSf 153 

'ompholyx, 185 
^infUiothauma, 166 
-J^opanoceras, 335 
Piircellia, 147 
PoromyOy 278 
Porostomata, 178 
Posidonmnya, 261 
Potanddes, 154 
Poteriocercts, 333 
PraeccMrdium, 256 
Prasina, 261 
Prionodesma, 254 
ProctonotuSy 179 
Prodissoconch, 246 
Proneomeniaf 60 
PronucuUit 2i55 
Prqparamenietf 60 
Propilidium, 146 
Prorhipidoglossa, 12 
Prorhipidoglossomorpha, 1 
Proserpifui, 161 
Prosipbonata, 335 
Prosobrancliia, 142 
Pro8ocoelu8y 264 
Protobranchia, 254 
l*rotomya, 266 
Provinculum, 213 
Pruvotia, 60 
J^sammcbia, 273 
i^^eiM^amitmi^m^ 262 
JPseudedr/umdia, 265 
J^seudodoTij 268 
PaeudokeUya, 271 
Pseudolamellibrancbia, 253 
PsendomargineUa, 34, 165 
Pseudomdania, 154 
Pseitdomonotis, 261 
Pseudopallium, 67 
PseudcyoermiSf 179 
PtenoceraSf 333 
Pterima, 261 
Pteroceraa^ 155 
Pteropoda, 170, 173 
PUrosomOy 163 
PterotrobcheOi 163 
Pterygioteuthis, 339 . 
Ptychoceras, 335 
PtychodesTTuif 262 
PtygmatiSt 154 
Pugniis, 168 
PulTnobranchiat 107 
Pulmonata, 181 
PidseUuMf 204 
Pwnc^ww, 188 
PiMictv/rella, 149 
Pwpa, 188 
PupiUia, 149 
PiMpura 165 



PitrpurinOt 152 
PusiondlOf 166 
PttstulariOj 157 
PyramideUa^ 158 
PyramidtUc^ 188 
Pyrula, 157 
Pythina, 265 

Quadrifora, 208 
Quadrula, 268 

Racbiglossa, 164 
Radiolitesj 272 
JtadsicL, 54 
Radula, 6 
iZae^a, 270 
RaneUa, 167 
Rangittf 267 
itopo, 166 
Rapana, 165 
Rathouisia, 189 
Recluzia, 156 ' 
Requienia, 271 
Resilium, 213 
Retractor muscle, 6 
Retrosiphonata, 334 
Retiim, 168 
Rhabdoceras, 335 
KhacophyUites^ 335 
Rhinophore, 18 
Rhipidoglossa, 145 
RhizochUtLs, 165 
Rhodea, 188 
Rhombopteria, 261 
R?iqpalotnenia, 60 

RhyncholitheSt 299 
RhynchoteuthiSy 338 
Rhytida, 189 
RimidOf 149 
Ringiculaf 168 
i2i«eZZa, 162 
Riasoa, 153 
Rissoina, 163 
Rossia, 340 
Rostangdf 178 
Rostdlaria, 155 
Rudistae, 272 
Ruminttf 82 
i2i£?iot7ia, 169 

SdbcUia, 168 
Saccata, 1 
iStegr^^o, 187 
Scdpingostonm, 147 
Sanguinolariay 273 
Sdxicava, 274 
Scacchiay 266 
Scaev/rgiis^ 343 
Scalaria, 158 
ScaJdia, 265 



Scalenostoma^ 158 
ScaliteSt 152 
Scaphander^ 168 
Scaphitesy 336 
Scapbopoda, 197 
ScaphtUOf 258 
«$Ncara^«^, 184 
ScenellOf 145 
Schismqpej 147 
Schizobrachiurri, 173 
Schizochitorit 54 
SchizodentcUiunij 204 
SckizoduSf 259 
Schizoglossa, 189 
ScJiloenbachiaj 335 
Scintilla, 266 
Scioberetia, 266 
Scissurella, 147 
Scolecoraorpba, 54 
ScrobictUariaf 270 
Scurria, 146 
SctUu7n, 149 
ScyUaea, 175 
Seguenzia^ 156 
Sel^niteSi 186 
Scraper's organ, 91 
Senilioj 258 
*&i7i«, 340 
Sepiadarium, 340 
Sepidloy 340 
Sepiolttf 340 
Sepioloidea^ 340 
Sepioteuthis, 342 
Septa, 82, 292 
Septariay 160 
Septibranchia, 277 
Septifer, 259 
Shell-eyes, 50 
SibiHtes, 335 
SigaretiiSj 166 
Silenia, 278 
SUiqua, 274 
SUiqiiaria, 155 
Siphon, 209 
Siphonaria, 185 
Siphonodentalium, 204 
Siphonopoda, 1 
Sistrum, 166 
^itoto, 187 
Skenea, 163 
Smaragdinellaj 168 
Solarium^ 158 
*S9^»i, 274 
iSb^enaio, 268 
SolenocfUamys, 
Solenoconcba, 197 
/SSoZewocwr^t**, 274 
Solenogastres, 54 
Solenomya, 265 
SolenopsiSy 256 
SdUnoptis, 54 

23 
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iSole7U>tellina, 273 
Solidulay 168 
Spadix, 323 
Spatha, 268 
§peki(it 154 

Spermatophore, 128, 323 
SpJutenia^ 273 
Sphaeriumy 267 
Sphyradiwriy 188 
Spicula, 42 
^pinigera, 155 
Spira,81 
t^racultimf 152 
Spirotropisy 91 
Spi/nda, 838 
SpinUirostraf 337 
Spondylusy 262 
Spongiobranehaea, 173 
Spongiochiton, 53 
Spc/rteUay 266 
Standella, 21 A: 
Stavdia, 259 
Stenoglossa, 163 
StenogyrOf 188 
StenoplaXf 5^ 
Stenorad^iaf 53 
StenothyrcL, 154 
Stephwnoceras, 336 
StUigery 181 
5^im, 153 
Stoastonuif 150 
Stoloteuthis, 342 
Stomatella, 149 
StomcUiaj 149 
StraparoUina, 147 
StraparolluSf 147 
Str^sidtMTOt 164 
StreptaxiSf 189 
Streptocerasy 333 
Streptoneura, 142 
Streptostyla, 189 
StronibuSy 155 
Strophia, 188 
StrophoTnenia, 60 
StrtUhiolaria, 155 
Stylifer, 158 
Styliger, 15 
Stylinaf 158 
Stylomenia, 60 
Stylommatopliora, 186 
SubemargintiUt^ 149 
Submytilacea, 264 
SiUnUites, 154 
Sucdnea, 189 
Supra -intestinal ganglion, 

113 
Sutural lamina, 42 
Symplectoteuthisy 338 
Synapticolaj 266 
Synaptorhabda, 253 
Syndosmyay 270 



Taenioglossa, 151 
Tagdusj 274 
Tancredittf 265 
Tanganyida, 154 
Tanysiphon, 270 
Tflkwws, 340 
rai?e«, 270 
Tectonic, 152 
Tectibranchia, 167 
Tegmentum, 42 
Teinostomtty 150 
Teleodesmacea, 254 
Teleoplacopbora, 54 
Teleoteuthis, 339 
Tellina, 268 
Tellinacea, 268 
Telobrancbia, 54 
Tentacles, 67 
Terebellum, 155 
Tereiyra, 166 
Tere^^o, 275 
Tergipes, 179 
Test, 28, 240 
TestaceUa, 189 
re<%5, 175 
Tetrabrancbia, 332 
TeuthopsiSf 342 
ThcUassoceras, 335 
Thecacera^ 177 
TheccUia, 264 
Thecosomata, 170 
Tbermoscopic eyes, 319 
Thliptodon, 173 
Thracia, 275 
^%yca, 155 
ThysanoteiUhiSf 339 
IV^i^cania, 150 
ToniceUa^ 53 
Tonidaj 54 
Torinict, 158 
TomatdlcLea, 168 
Tornatellina, 188 
jToma^iwa, 168 
Torsion (body's), 74 
Toxiglossa, 165 
Tracheal lung, 106, 189 
Trachdoteuthist 338 
TrachyceraSi 335 
Trachydermon^ 53 
Tracbyglossa, 343 
Trachyodon, 54 
Trewiatowo^iw, 147 
TreinoctopuSi 343 
Treses, 274 
Triauly, 127 
TTihoniophorus^ 189 
Trichotrcpis, 156 
IVw^ocAwt, 181 
Tridacnaj 271 
Trifora, 208 
TriforiSy 154 



Tr^onto, 258 
TrigonocMamys, 186 
Trinoma, 258 
Triopa, 177 
Triopdla, 177 
Triplaca, 168 
TWtow, 157 
Tri^onia, 175 
Tritonidea, 164 
Tritoniomorpha, 175 
j?Voc^iocera«, 333 
TrocholUhes, 333 
7VocA<w«wwi, 150 
Trochosphere, 27 
Trocfvotoma, 147 
Trocfetw, 149 
Trophon, 164 
Tropites, 836 
TrttTico^^ 153 
TryUidiumj 145 
IWic^ 164 
Tugonia, 273 
TurUneUa, 164 
Jwr&o, 160 
TurhoniUa, 158 
Turricvlay 164 
TurrUites, 336 
TwrritdUiy 165 
Turtonia, 266 
Tyleria, 276 
Tylodina, 173 
JyiopoTwo, 152 
Tj/fpAw, 164 
Typhobia^ 154 

Umbilicus, 80 
Umbo, 215 
{7mdo9tiu9nr, 150 
UrnbreUa, 174 
Uncim&nia, 60 
Uncini, 89 
UngulinOf 266 
Unicardium, 265 
CTwio, 268 
Uretery, 182 
Urocoel, 16 
Urocydtbs, 187 
UroMlpinx, 164 

• 
Fo^tn-MZa, 190 
FaZfe^io, 272 
FaZtwrfo, 152 
VampyroteiUhiSf 342 
Vangandla, 270 
Fanwajemia, 258 
Fetoiwietta, 148 
Veliger, 27 
Vdarita, 266 
Velum, 27 
FeZt£^i?ia, 156 
Veneracea, 270 
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Vtnericfurdia^ 264 
Venerwpis^ 270 
Veniella, 264 
Venus, 270 
Veranya, 889 
Fm?i6<t«, 154 
Verticardia, 277 
Fer^igro, 188 
Fe^icomyo, 258 
Visceral commissure, 16 
VUHna, 187 
Viviparity, 21, 131 



Vlasta, 256 
Voluta, 165 
Fo^M^Aaiyo, 73 
FoZwiria, 168 
VclvateUa, 169 
Volwda, 168 
VidseUa, 260 

mxx^ia, 264 

Xffnop^anM, 155 
Xiphoteuthis, 337 



Xylophouga^ 275 
Xylotrya^ 275 

roWia, 255 

Zeidora, 149 
Zirpham, 275 
Zi^^to, 157 
Zonites, 186 
^(M^peum, 188 
Zygoneury, 142 
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